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VNAP2: A CCMPUTER PROGRAM FOR COMPUTATION
OF TWO-DIMENSIONAL, TIME-DEPENDENT,
COMPRESSIBLE, TURBULENT FLOW

by

Michael C. Cline

ABSTRACT

VNAP2 is a computer program for calculating tusbulent (as well as laminar and
inviscid), steady, and unstcady flow. VNAP2 solves the two-dimensional, time-
dependent, compressible Navier-Stokes equations. The turbulence is modeled with
cither an algebraic mixing-length model, a one-equation model, or the Jones-Launder
two-equation model. The geometry may be a single- or a dual-flowing stream. The
interior grid points are computed using the unsplit MacCormack scheme. Two options
to speed up the calkulations for high Reynoids number flows are incladed. The
boundary grid points are computed using a reference-plane-characteristic scheme with
the viscous terms treated as source functions. An explicit artificial viscosity is included
for shock computations. The fluid is assumed to be a perfect gas. The flow boundaries
may be arbitrary curved solid walls, inflow/outflow boundaries, or free-jet cavelopes.
Typical problems thst can be solved concern nozzles, inlets, jet-powersd afterbodies,
airfoils, and free-jet expansions. The accuracy and efficiency of the program are shown
by calculaiions of several inviscid and turbulent flows. The program and its use are
described completely, and six sample cases and a codg listing are included.

1. THE BASIC METHOD

A. Introduction

VNAP? is a computer program for calculating turbulent (as well as laminar and inviscid), steady, and
unsteady flow. VNAP2 is a modified version of the VNAP code discussed in Ref. 1. Like the VNAP
code, VNAP2 solves the two-dimensional (2D, axisymmetric), time-dependent, compressible Navier-
Stokes equations by a second-order-accurate finite-difference method. Uniike the VNAP code, VNAP2
allows arbitrary grid spacing, has two options to speed up the calculations for high Reynolds number
flows, contains three different turbulence models, and can solve either single- or dual-flowing stream
geomctrics. This last option allows the VNAP2 code to compute internal/external flows, such as inlets,
and jet-powered afterbodies as well as airfoils.

Because of the variable grid and the options to speed up the cakulations for high Reynolds number
flow's, VYNAP2 computes high Reynolds numter flows much more efficiently than VNAP. However, full-
scale Reynolds numbers (10°-10") still require fairly long run times (see Sec. LG). In addition,




determination of a reasonable variable grid and selection of the best numerical scheme parameters for
high Reynoclds number flows require a certain amount of trial and erro.

Althoug} the VNAP code replaced the NAP? code, VNAP2 is not necessarily intended to replace the
VNAP code. Although VNAP2 can handle all the flows that VNAJ? is capable of solving, as well as
many additional flows, VNAP2 is approximately double the size of VNAP and somewhat more complex.
As aresult. VNAP2 is more difficult to modify as well as to run on sraaller computing systems. For these
reasons, many users may prefer to use both codes.

B. Discussion

The VNAP2 code follows the philosophy of the VNAP code; that is, the boundary grid points are the
most important. In acdition, except for purely supersonic infiow and outflow, these grid points are
generally the most difficult. For these reasons, the construction of boundary grid point routines is not left
to the general user, and VNAP2 contains complete and accuvate routines for calculating all boundary
grid points. Several different boundary conditions are included as options, and all unspecified variables
are calculated using a second-order-accurate, reference-plane-characteristic scheme, with the viscous
terms treated as source functions. The code also continuallv checks for subsonic or supersonic flow, as
well as inflow or outflow, to apply the correct boundary conditions. Most of the options for inflow and
outflow boundary conditions include nonreflecting conditions to accelerate the convergence to steady
state.

Like VNAP, VNAP2 employs the unsplit MacCormack scheme® to compute the interior grid points.
The governing equations are left in nonconservation form. For flows with thin boundary layers or free
shear layers, the small grid spacing required for resolution greatly increases the computer time. To reduce
this time, the grid points ia the finer parts of the mesh are subcycled. In addition, an explicit modification
to the MacCormack scheme (allowing the removal of the speed of sound from the C-F-L condition and
thus increasing the time-step size) is 2lso included. An explicit artificial viscosity model stablizes the
computations for shock waves.

C. Governing Equations

The 2D time-dependent, compressible, Navier-Stokes equations for turbulent flow of a perfect gas can
be written as
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p= pPRT, (5)

where p is the density; p is the pressure; T is the temperature; u and v are the velocity components; q
is the turbulence energy; ¢ is the turbulence dissipation rate; a is the speed of sound; R is the gas constant;
=l +prid = Ay + Ag5 py and A, are the first and second coefficients of molecular viscosity;
My and A are the corresponding turbulent quantities; y is the ratio of specific heats; k = k,, + k;s ky is
the coefficient of molecular conductivity; k, is the turbulent value; x and y are the space coordinates; t is
-* the time; @ is a constant; and ¢ is O for planar flow and 1 for axisymmetric flows. Equations (2){4) are
written for the two-equation turbulence model. For the mixing-length and one-equation models discussed
below, Egs. (2)(4) cre slightly different. The density gradient terms, premultiplied by the constant &, on
the right-hand side of Eqs. (1){4) are from turbulent density fluctuations and are, therefore, zero for
laminar flows. Equation (1) is the conservation of mass or continuity equation, Eqs. (2) and (3) are the x
and y momentum equations, respectively, and Eq. (4) is the internal energy equation written in terms of
Fressure using the equation of state fcr a perfect gas, Eq. (5) Thus there is a system of five equations for
the eight unknowns u, v, p, p, T, pps A and k. (In the two-equation turbulence model, there are two
additional equations for the unknowns q and e.) To close this set of equations, the turbulence quantities
Hp Ap and k; need definition. VNAP2 uses the following three turbulence models to accomplish this.

1. Mixing-Length Turbulence Model. The first modd is an algebraic mixing-length model that can be
written as

R ov 2 du 21 ,
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and




kr = YRp/(y - 1)Pry , (®)

where ¢ is the mixing length defined below and Pry is the turbulent Prandtl number. For free shear layer
flows, the model follows Ref. 4. For monotonic velocity profiles, ¢ is defined as

(=Cuu‘|Y1-Yx| ’ ®

where C,,,, is a constant and

y,=y for u—u"=0.l,
uu—ul
u—u

y,=y for =09,
Uy — U

and u, and uy are the lower and upper velocities of a monotonically increasing or decreasing velocity
profile. For free shear flows with a velocity profile that has the minimum velocity u,, in the interior, ¢ is
defined as

(=Cuu'|)’z—)'|l . ) (10)

where C,,,, is a constant and

u-—-u
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and

y:=y for u=u, .

The program continually checks to determine the type of velocity profile present. If u,, is within 5% of the
minimum of u, or vy, then the monotonic profile is assumed. This check on the size of uy is intended to
stop small velocity variations, away from the shear region, from switching the velocity profile type. The
5% value is arbitrary and can be changed in subroutine MIXLEN (sce Sec. I. A). On the centerline or
midplane, Eq. (6) is replaced by

o
= o0 23 I
pt 2y (1)
For boundary-layer flows, the Cebeci-Smith* two—iaycr model is used. In the inner layer, ¢ is defined as
' ~yVPTw
=04y| 1.0— —_— 8 12
4 y[ exv( 260 )] , 12)

where y is the distance from the wall and ty is the shear stress at the wall. In the outer layer, Eqgs. (6) and
(12) are replaced by




¢ -1
pr = 0.0168pu, s'[ 1.0+5.5 %] . (13)

where u; is the velocity at the edge of the boundary layer, § is the boundary-layer velocity thickness, and
§* is the boundary-layer displacement thickness given by

5‘=£6(2w£)dy .
PeUg

The= switch from the inner-layer model, given by Egs.(6) and (12), to the outer-layer model, given by
Eq.{13), occurs when the inner py is greater than the outer value. This model does not employ a
relaxation or lag parameter. The values for Cyy, and C,y, are 0.125 for planar flows and 0.11 for
axisymmetric flows.

For this modsl, the last term on the right-hand side of Eqgs. (2)(4) vanishes. In addition, the viscosity
cocfficients A, and p,, in the first four terms on the right-hand side of Eq. (4) as well as the first two
axisymmetric terms, also in Eq. (4), are replaced by A and p.

2. One-Equation Turbulence Model. This model was developed at Los Alamos National Laboratory
by Bart J. Daly. At present, this model has not been extensively proof-tested and, therefore, should be
considered experimental. The model attempts to combine the best features of the algebraic mixing-length
models and the two-equation models.

This model consists of the following transport equation for the turbulence energy q,
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S
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Seva for SV (16)
Hm Y]

¢ is the mixing length from the first model, and c, is a constant. The turbulent viscosity p is defined as
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wirere C is 17.2 for planar flows and 12.3 for axisymmetric flows and C, == 0.09. The quantities A; and
k¢ are determined from Egs. (7) and (8), respectively.

For this model, the last term on the right-hand side of Eq. (4) is replaced with 2y,,qA/S%.

3. Two-Eauation, Jones-Launder*® Turbulence Model. This model employs two transport equations,

one for the wu-pulence energy q and the second for the turbulence dissipation rate ¢. These equations can
be written as
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where

C,=144,0,=10,0,=13,

C, = C,; [1.0 — 0.2222 exp(—0.0278 R2)],

(20)
and
Ry=pq?/upe -
The turbulent viscosity is calculated from
ur=C, exp[-3.4/(1 +0.02 R;)|pq’/e , 21

where C, = 0.09. The quantities Ay and ky are determined from Egs. (7) and (8}, respectively. The solid
wall boundary condition on e for this version of the Jones-Launder model is de/éy = 0.

For strongly separated flows, this model has two numerical problems. One problem is that the
turbulence dissipation rate becomes extremely small near a reattachment point. To overcome this, a lower
bound on q and ¢ at a given y was added as an option to VNAP2 in the manner of Coakley and Viegas.'
The second problem is associated with the treatment of the convection terms in Egs. (18) and (19). In the
far field where @ — 0, the variations of q and ¢ are such in some problems that extremely large values of
y occur. Using the donor cell scheme in the x direction and the MacCormack scheme in the y direction
removes this problem for all cases tested so far. Also included is the following fourth-order smoothing

term added to Eq.(18):

(u + a)Ax’| ¢2q q (v +a)Ay’ &3q 3’q
———, — + =32 - (22)
q ext | ex q 2y

where C, is a constant. A similar term with ¢ replacing q and C; replacing Cp- is added to Eq. (19).
These smoothing terms were added as a possible alternative to the donor cell differencing. However, at
this time, the donor cell differencing appears to be more satisfactory.

4. Artificial Viscosity Model. To stabilize the numerical method for shock wave calculations, an
explicit artificial viscosity model is included. This model replaces the explicit fourth-order smoothing
usually employed by MacCormack." The procedure here is first to calculate artificial viscosity
coefficients p,, A, and a thermal conductivity coefficient k, and, second, to add these values to the
molecular values. These quantities are calculated from the following equations:

A, =CC, Awal—+—+ . (23)
oy Y

A=C,A/Cy . (24)
and ‘

ka=7Rp,/(y - )Pr, , (25)



where C, C,, C,,,, and Pr, are constants, with Pr, representing an artificial Prandtl number, and Ax and
Ay are the mesh spacing. The following artificial density smoothing term also is added to the right-hand
side of Eq. (1).

C & ¢ ¢ ;
Equation(n=—'[:‘-(méi’) *.i(uAQ) +ﬂﬁ] . (26)
p | éx éx ¢y cy y ¢y

where C_ is a constant. When the divergence of the velocity is greater than zero (expansions). these
artificial quantities are set equal to zero.

D. Physical and Computational Flow Spaces

Figure 1 shows the physical flow-space geometry, with flow from left to right. The upper boundary,
called the wall. can be either a solid boundary, a free-jet boundary, or an arbitrary subsonic (normal to
the boundary) inflow/outflow boundary. The lower boundary, called the centerbody, can be either a solid
boundary or a plane (line) of symmetry. The geometry can be either a single-flowing stream or, if ths
dual-flow-space walls are present, a dual-flowing stream. The dual-flow-space walls may begin in the
interior and continue to the exit (inlet geometry), may begin at the inlet and terminate in the interior as
shown in Fig. 1 (afterbody geometry), or may begin and end in .ne interior (airfoil gecmetry). All of the
above boundaries may be arbitrary curved boundaries provided the y coordinate is a single value function
of x. If the dual-flow-space walls begin or end in the interior, then they must have pointed ends. The
points can be very blunt, but there cannot be vertical walls. The left boundary is a subsonic. supersonic.
or mixed inflow boundary. whereas the right boundary is a subsonic, supersonic. or mixed outflow
boundary or a subsonic inflow/outflow boundary.

The x, y, t physical space is mapped into a rectangular {, n, T computational space as shown in Fig. 1.
The mapping is carried out in two stages: the first maps the physical space to a rectangular
computational space and the second maps the variable grid spacine to a uniform grid spacing. Because
the single- and dual-flow-space mappings are different, they will be discussed separately.

L. Single-Flow Space. The x, y. t physical space, with variable grid spacing. is mapped into the E. 0.
T space, which also has variable grid spacing, by the following transformation:

T=x:fi= yy_);_rﬁ:t, 27
w—JC

where yc is a function of x and denotes the centerbody y value and y,, is a function of x and t and denotes

th: wall y value. The quantity fj varies between O and 1. This variable grid : fl. T space is mapped
into a uniform grid {. n, t space by the following transformation:

C=%@: n=n(A): t=t: (28)

that is, § is an arbitrary tabular function of E.‘:tc. Using Eqs. (27) and (28). the derivatives become
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where

d; dn I _ dyc _ @yw . Y
== =_——— a= f—1) — — s O=-— .
© © B T Bl: m-1 ix n x nB Zt (30)

The deiivatives d3/d and dn/dfi are computed numericaly using differences consistent with the
MacCormack schemae.

This results in a physical space grid with the following properties: one set of grid lines is straizht and in
the y uirection with arbitrary spacing in the x direction: the second set of grid lines approximately follows
the wall and centerbody contours; the Ay spacing of these grid lines is arbitrary at one x loca icn and is
proportional to those values at any other x location: and the proportionality factor is basad on the
distance between yy and y.. For mnre details on the physical space grid. sce the example shown in Fig. 2
as well as the computed results in Sec. I.G.

2. Dua!-Flow Space. If part of the flow in the dual-flow-space example is a single-flow space. then the
single-flow-space option discussed above is used in that part. In the dual-flow-space section. the
prccedure is to divide the dual-flow space into two single-flow spaces and then to use the
single-flow-space transiormations discussed above. Both the upper and lower dual-flow-spaze walls
collapse to the same grid line in the computational space. as shown in Fig. 1. The flow variild:s at the
grid peints on the upper dual-flow-space wall are stored in the regular solution array. whereas the lower
wall variables are stored in a dummy array. These flow variables are continually switched between ¢
two arrays during the calculation. For the dual-flow-space example. Eq. (27) becomes

; Y—Y¥
I=xx fi=c¢ T I=t for yve <y <y,
Y —Y¥c
(31
= - Y—%¥ )
{=x: fi=c+{(l—-c) ——: T=t for yo €y < ¥w » .
Yw — Yv .

where v, and y are functions of x and dencte the lower and upper dual-fiow-space 'valls. respectis :iy.
The parameter ¢ is a constant and equals (v, — Yo)/(yw — Ye + V1 — ¥Yc) evaluated at a specified x
location. For ccmpletely dual flows. ¢ can be evaluated at any x and in practice is evaluated at the left
boundary. However, for flows with both dual- and single-flow-space pans. ¢ must be evaluated at the x
location where the dual-flow space walls either begin or end. This ensures that the single grid line that
corresponds to the lower and upper dual-flow-space walls remains continuous as it extends into the
single-flow-space section. If the dual-flow-space walls begin and end in the interior. as in the case of a
planar airfoil. then the values of ¢ must be equal at both ends of the dual-flow-space walls. This
requirement means that if v and y are straight horizenal lines, then the airfoil must be at a zer0 angle
of attack. If the upper boundary or wall is the arbitrary inflow/outflow option. then y. can be adjusted to
produce an angle of attack. However, if the upper boundary or wall is a fixed solid boundary. as in the
case of an airfoil in a wind tunnel. then the angle of attack of the airfoil relative to the wall is fixed. For the
axisymmetric case. the airfoil becomes a duct and the angle of attack discussior deals with the cuct-axial
area variation. For the dual-flow-space exanple, Eqgs.(28) and (29) remain unchanged, and Eq. (30)
becomes )
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3. Transformed Governing Equations. Using Eqs. (27) and (29), the original governing equation can
be written in the §, n, t variables. For example Eq. (1) becomes

cp ap , _ op du Ju ov , &v
——tun—L +¥—+plo—+a-—+p=4 =
ot VY% Yo p( P PR e

a2l (.2, @ 20, .00\ .o (, a2\ . wBap
p{(mac+aen)["’(mac+°an/] 'Ban("’ﬂaq) +e ; a—“} . (33)

where
V=ua+vp+35, (34) ;
!
Yy=Yc+{yw—Yc) for the single-flow space , '
y=yc+ a (YL—¥d) for the lower dual-flow space, 33)
c :
!

y=yy+ ln - s (yw— Yy) for the upper dual-flow space, ’

and the u and v velocity components are the original values.

E. Numerical Method

The computational plane grid points are divided into interior and boundary points. The boundary grid
points are further divided into left-boundary, right-boundary, wall, centerbody, and dual-flow-space wall
points (see Fig. 1).

1. Interior Grid Points. The interior grid points are computed using the unsplit MacCormack scheme
discussed in Ref. 3. This scheme is a sccond-order-accurate, noncentered, two-step, finite-difference
scheme. Backward differences are used on the first step, forward differences on the second. The governing
equations are left in nonconservation form. As an example of the basic scheme, the finite-difference
equations for Eq. (2) for planar (e = 0), laminar (& =q = 0) flow are
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for the second step, where the subscripts L and M denote axial and radial grid points, respectively, the
superscript N denotes the time step, the bar denotes values calculated on the first step, and Q denotes the
terms in the last two brackets on the right-hand side of Eq. (36), that is, the viscous terms. Equations (36)
and (37) show that all viscous terms are calculated using center differences in the initial-value plane only,
so that they are second-order accurate in space but first-order accurate in time. Raising them to
second-order accuracy in time requires re-evaluating them using the aN*! values from the first step. For
most problems, this greater eccuracy does not seem worth the increased effort.

To improve the computational efficiency for high Reynolds number flows, the grid points in the fine
part of the grid may be subcycled. This is accomplished by first computing the grid points in the coarse
part of the grid for one time step At. Next, the grid points in the fine grid are calculated k times (where k

is an integer) with a time step At/k. The grid points at the edge of the fine grid require a special procedure,

because one of their neighboring points is calculated as part of the coarse grid. Except for the first

" _ubeycled time step, this point is unknown. However, the values at t and t + At are known from the

coarse grid solution, so that the values between t and t -+ At are determined by linear interpolation.
To improve the computational efficiency further, a special procedure (called the Quick Solver) is

employed to increase the allowable time step in the subcycled part of the grid. This procedure allows the
removal of the sound speed from the time-step C-F-L condition. Procedures that accomplish this have
been proposed by Harlow and Ameden'? and MacCormack." The procedure of Harlow and Amsden
removes the sound speed, in both the x and y directions, by an implicit treatment of the mass equation
and the pressure gradient terms in the momentum equations. MacCormack’s procedure is explicit and
removes the sound speed in only one direction. (It also includes an implicit procedure to remove the
viscous diffusion restriction from the time-step C-F-L condition.) Because explicit schemes are easier to
program for efficient computation on vector computers and because high Reynolds number flows usually
require fine grid spacing in only one direction, a procedure similar to MacCormack’s was chosen.

MacCormack’s procedure is based on the assumption that the velocity component, in the coordinate
direction with the fine grid spacing, is negligible compared to the sound speed. This allows the governing
equations to be simplified. MacCormack then applies the Method of Characteristics to these simplified
equations. However, for flows over bodies with large amounts of curvature as well as many shear flows,
this assumption is questionable; and because VNAP2 is intended as a general code for solving a variety
of problems, MacCormack’s assumption seems too restrictive. Therefore, the main differences between
MacCormack’s scheme and the one presented below are that this restriction is removed and that the flow
in the y direction is assumed to te subsonic.

The sound speed limitation is associated with the inviscid part of the Navier-Stokes equations. In
addition, because the following procedurc is used only in the y direction, it can be illustrated by using the
following inviscid, one-dimensional (1D) equations

+p——=0, (38)

9 _y, (39)

and

8p _ dp, .1 0V ’

d 4 ol ~—=0, 40
i 8y+pa dy (40)




where v is the velocity, p is the density, p is the pressure, a is the speed of sound, y is distance, t is time,
Eq.(38) is the continuity equation, Eq.(39) is the momentum equation, and Egq. (40} is the internal
energy equation written in terms of pressure using the equation of state for an ideal gas. The time step for
expiicit methods used to solve Eqs. (38){40) is the C-F-L condition and can be written as At < Ay/(]v]
+ a). However, to improve the computational efficiency in the boundary layers, where Ay and v are small
but a is large, a procedure that allows At € Ay/;v! is developed. Writing Eqgs. (38){40) in characteristic
form yields

d_.dp dy _

il My for el 41

dp du dy

— —=0 for —2= , 42

dt+pa @t or at v+a 42)
and

9 ,du_ Yy -

@ P2 & =0 for ekl 43)

Therefore, Eq. (41) applies along the flow streamline and Egs. (42) and (43) apply along Mach lines.
Thus, if a time step At < Ay/]v| is selected for some finite-difference mcthod, the domain of dependence
for Eq.(41) is included in the adjacent grid points, but *he domain of dependence of Eqs. (42) and (43) is
outside the adjacent grid points. This larger domain of dependence can be determined by soiving for the
intersection of the characteristics of Egs.(42) and (43) with the initial-value surface. Using these
intersection points allows differences to be calculated for the larger domain of dependence in much the
same manner as for the adjacent grid points.

The final step is to determine which derivatives in Eqs. (38)-(40) depend on the streamline (the adjacent
grid points) and which derivatives depend on the Mach lines (the characteristic initial-value surface
intersection points). Following the procedure used by Kentzer' in his boundary condition scheme and
replacing the total derivatives along characteristics in Egs. (41)-(43) with partial derivatives, while
denoting the space derivatives in Eq. (42) with bars and Eq. (43) with hats give

ap cp 1{ dp ép

—_— —_—— — —_—— Y — =0 . 44
oty a’(at Yoy “4)
ov v+a 0V, v—adv, K 1 [ v+a 0p v—a 0P

-~ = 4= -I=2E) o, as
at 2 oy 2 ay+pa( 2 9y 2 dy “3)
and

op,v+a 9p v—a dp v+a av_v—aa_i') _

T2 oyt 2 ey P\ T2 ey T2 o5y <™ “6)

The derivatives without bars or hats are calculated by the unsplit MacCormack scheme using the
adjacent grid points, with backward differences on the predictor step and forward differences on the
corrector step. For the bar derivatives the following procedure is employed: first, the values of the
dependent variables at the point (denoted by 1 in Fig. 3) where the v 4+ a Mach line intersects the
initial-value surface N are determined by linear interpolation; then the bar derivatives, using v as an
example, are evaluated by
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on the predictor step and

- N4l _ o N+l
av VM — V-t

, (48)

ay Ym — Ym-1
on the corrector step. The hat derivatives are calculated by

_@2= V;— [Csvn +(1 - Cs)(":n + V:-l)/zl

49
ay Y1—Y¥m 49)
on the predictor step and
v _ Vv )
Y Ymar—Yu

on the corrector step. The coefficient Cy is usually set equal to 0.5. If the intersection points 1 and 2 in
Fig. 3 lie outside the computational grid, then reflection is used to obtain flow variables at these points
from points inside the grid.

The above analysis used the 1D equations to illustrate the method. The actual equations used are
derived from the { =constant reference-plane-characteristic scheme used at the wall boundary. The
Mach line compatibility equations, without the viscous and § direction convection source terms, are
computed on the large domzin as discussed above. The streamline compatibility equation, including all
source terms, is computed using the standard MacCormack scheme.

The above procedure for evaluating the terms that depend on the sound speed is only first-order
accurate in space. Using the ideas of the A scheme could probably produce second-order accuracy.
However, this was not done because the procedure is used only in boundary and shear layers where the
viscous terms dominate the sound speed terms and, in addition, the A scheme increases the size of the
domain of dependence of the difference scheme. :

2. Left-Boundary Grid Points. The left boundary can only be an inflow boundary. For supersonic
inflow, u, v, p, and p are specified. The temperature is determined from the equation of state. For subsonic
inflow, there are three different boundary condition options. The first specifies the total pressure p, total

“-temperature Ty, and flow angle 6 as proposed by Serra.!® The second and third, which are discussed by

Oliger and Sundstrom,!” specify dther u, v, and p or p, v, and p. For a discussion of the relative merits of
these boundary conditions, see Sec. I.F. Following the ideas of Moretti and Abbett,'* all the unspecified
dependent variables are computed using a second-order-accurate, reference-plane-characteristic scheme.
In this scheme, the partial derivatives with respect to 1 in the convective terms sre computed in the
initial-value and solution surfaces using noncentered differencing as in the MacCormack scheme. In the
viscous terms, the partial derivatives with respect to n are comnputed as in the interior point scheme and
the derivatives with respect to § are calculated using reflection. The cross derivative viscous terms are set
equal to zero. Thess convection and viscous term derivatives are then treated as source terms, and the
resulting system of equations is solved in the n ‘= constant reference planes using a two-step,
two-independent-variable characteristic scheme. The characteristic relation that couples the interior flow

to the boundary is derived tollowing the procedure of Ref. 1 and can be written as

dp — padu = (v, + 8y, — paw,)}dzr for df=o(u—aNt, ()]
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where the first equation is called the compatibility equation and the second is called the charactesistic
curve equation. The y terms follow the definitions in Ref. 1. Equation (51) msy be written in
finire-difference form by first replacing the differentials by differences along the characterisitic curve. Tae
coefficients are either evaluated in the initial-value plane (first step) or considered as averages of the
coeflicients cvaluated in both the initial-value and solution planes (sscond step). A discussion of the unit
processes and details of the schemes are given in Ref. 1.

For the pr, T, and 8 boundary condition, the following equations that relate the stagnation or total
conditions to the static conditions are required.

p/p = [1 + (v — DMY/2]'r-Y {52)
and
T/T=1+@F - 1)MY2, , (53)

number, T is the temperature, and the subscript T
denotes the stagnation or total conditions. The gdlution procedure is &s follows: M is assumed, p and T
are calcuiated from Eqgs. (52) and (53), p is gdiculated from the equation of state, u is calculated from
Eq. (51), v is calculated from the specified flow angle, a new M is calculated from U, v p, and p, and the
process is continued until the change in & has converged tr 1073,

For the u, v, and p boundary condition, there is only one unspecified variable, p, which can be
calculated from Eq. (51). Likewised'the p, v, and p boundary condition has one unspecified variable, u,
which also can be detcrmmed/ rom Eq.(51). In both cases the temperature is determined from the
equation of stats.

Both the u, v, and p and the P, v, and p boundary conditions include a nonreflecting option based on
the ideas of the outflow boundary condition of Rudy and Strikwerda.' Rudy and Strikwerda use the

following equation

ap du c 0

7 Pt o(P — P = (54)
to replace the outflow boundary conditon p = p,, where p, is the exit pressure and C,, is a constant. The
first two terms of Eq.(54) can be interpreted as the 1D compatibility equation on the incoming
characteristic (where this characteristic is parallel to the boundary) and the last term is included to
asymptotically enforce the specification of the exit pressure. Forcing the incoming characteristic to be
parallel to the boundary as if the outflow were sonic removes normal reflections back into the interior.
This interpretation of Rudy and Strikwerda’s outflow boundary condition allows formulation of a similar
procedure for inflow boundaries. Therefore, for the inflow case, using the p, v, and p boundary condition,
Eq. (54) becomes

where v is the ratio of specific heats, M is the M.

c"p du
_ou —p)=0, 55
o +pa at+C.(p p)=0 (59

where p, is the specified inflow pressure. For the u, v, and p boundary conditions, Eq. (54) becomes

Ju 1
< C.(u~— 0, 6
ot t e pa at + L —uw)= G8)

where u, is the specified inflow velocity. Equation (55) or (56) is solved with Eq. (51) to determine u and
p at the inflow boundary.
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For mixed supersonic/subsonic inflow, VNAP2 uses the supersonic boundary condition at grid points
where the flow is supersonic and either the u, v, and p or the p, v, and p boundary conditions (but not the
Pr Tr and 8 boundary conditions) at the subsonic points. VNAP2 allows using the supersonic boundary
condition everywhere as an option, .

The turbulence model boundary conditions are the specification of q for the or.2-equation model and q
and ¢ for the Jones-Launder two-equation model. The specified values of q and e can be determined
following a procedure similar to that of Ref. 4. The value of q is calculated from

Hy'éu/dy!
03
where | 9u/2y] and p can be determined from the inflow velocity profile and 1y can be determined by the
mixing-length model. The value of e for the two-equation model can be calculated frem Eq. (21). For
large R, Eq. (21) reduces to

ur=C,pq'/e,

which can be casily solved for e, and for small Ry a trial and error solution can be used. For some flows
this procedure produces values of q that are much lower than the evolved value at the first downstream
grid point. However, increasing q to agree with the first downstream grid point value, while adjusting ¢ to
keep py constant, produces little change in the solution. If the py, Ty, and 6 inflow boundary condition is
used then a short run can be made, using the mixing-length model, to determine an inflow velocity profile.
If the inflow profile is a uniform flow profile, that is, no shearing flow is present, then the inflow values of
q and ¢ can be set to some small values so that pp is negligible when compared to the molecular vduc.

3. Right-Boundary Grid Points. The right boundary can be a superscnic outflow boundary or a
subsonic inflow/outflow boundary. This subsonic inflow option is required for internal flows with flow
separation at the right boundary. For supersonic outflow, the flow variables are extrapolated. For
subsonic outflow, the exit pressure is specified and the remaining variables are calculated using a
characteristic scheme similar to the left-boundary scheme. The characteristic relations that couple the
interior flow to the boundary are derived following the procedure of Ref. 1 and can be written as

dp — aldp = ydt 57
} for df = wudt
dv = y,dt (58)
and
dp + padu = (v, + a’y, + payy)dt  for df=o(u+ a)dt - (59)

These equations are written in finite-difference form like those fcr the left-boundary scheme. The pressure
is specified, and the u velocity component is then calculated from Eq. (59); the density from Eq. (57); the
v velocity component from Eq. (58); and the temperature from the equation of state. If subsonic reverse
flow (inflow) occurs at the right boundary, inflow boundary conditions must be specified. This is
accomplished by leaving p equal to the specified exit pressure, setting p equal to the value at the boundary
where separation occurred, and setting the flow angle equal to the value obtained by linear interpolation




between the boundaries. The p and v boundary conditions used here are arbitrary and can be changed by

modifying subroutine EXITT (see Sec. ILA).

The code includes the nonreflecting outflow boundary condition of Rudy and Strikwerda.!® Here, u
and p are calculated from Egs. (54) and (59); the density from Eq. (57); v from Eq. (58); and T from the
equation of state. This nonreflection option is also used when reverse flow occurs.

For mixed supersonic/subsonic outflow, VNAP2 uses the supersonic boundary condition st grid points
where the flow is supersonic and the subsonic boundary condition at subsonic points. VNAP2 allows
using cither the supersonic or subsonic boundary conditions everywhere as an option.

The turbulence model boundary conditions are the extrapolation of q for the one-equation model and q
and ¢ for the Jones-Launder two-equation model.

4. Wall Grid Points. The wall boundary can be a free-slip bouncary, a free-jet boundary, a no-slip
boundary, or a constant pressure inflow/outflow boundary. The constant pressure inflow/outflow

boundary is required for external flows. ”

a. Free-Slip Boundary. For a free-slip boundary, a reference-plane-characteristic scheme is used.
Partial derivatives with respect to { in the convective terms are computed in the initial-value and solution
surfaces using noncentered differencing as in the MacCormack scheme. All derivatives in the viscous
terms are computed in the initial-value surface only, using centered differencing. The 1 and cross
derivatives in the viscous terms are calculated by eithar reflecting or extrapolating a row of fictitious mesh
points outside the flow boundary. These convection and viscous term derivatives are then treated as
source terms, and the resulting system of equations is solved in the { = constant reference planes using a

two-step, two-independent-variable characteristic scheme.
The characteristic relations that couple the interior flow to the boundary are derived following the

procedure of Ref. 1 and can be written as
Bdu — adv = (By, — ay,)dt (60)

dp — a'dp = y dt for dn = vdt (61)

and
dp + paa du/a® + pBadv/a® = (y, + a’y, + paay,/a® + pBay,/a®)dt
for dn=(vV + a*a)}dz , 62)
where
a* =(a +BY"2.

These equations are written in finite-difference form like those for the left-boundary scheme.
The boundary condition is that the flow is tangent to the boundary. This can be written as

v = utan 0 + 3y,/dot , (63)

where 8 is the local boundary angle. The time derivative is present because, in the free-jet option, the wall
boundeary coordinates are a function cof time. Equation (63) is substituted into Eq. (60), and the resulting
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equation is solved for the velocity component u. Then the v velocity component is obtained from Eq. (63);
the pressure from Eq. (62); the density from Eq. (61); and the temperature from the equation of state.

The turbulence model boundary conditions are the extrapolation of q for the one-equation model and q
and ¢ for the Jones-Launder two-equation model.

This code has an opticn to improve the accuracy of the calculation of one sharp expansion corner on
the wall contour. The flow at this corner must be supersonic and the boundary condition option must be
the free-slip boundary with no free jet. The grid point is treated by a special procedure. First, an upstream
solution is computed at the comer grid point, using the upstream flow tangency condition as the
boundary condition and backward { differences in both initial-value and solution planes. Next, a
downstream solution is calculated, using the Prandtl-Meyer exact solution and the stagnation conditions
from the upstream grid point. The upstream solution is used when computing wall grid points upstream of
the corner grid point as well as the adjacent interior grid point; the downstream solution is used when
computing downstream wall grid points.

b. Free-Jet Boundary. The free-jet boundary grid points are computed by the wall routine so that the
pressure equals the specified pressure. This is eccomplished by first assuming the shape of the jet
boundary and then using the wall routine to calculate the pressure. Next, the Jet boundary location is
changed slightly and a second pressure is computed. The secant method determines a new jet boundary
location. This procedure is then repeated at each grid point until the jet boundary pressure and the
ambient pressure agree within some specified tolerance,

When a free-jet calculation is made, the wall exit lip grid point becomes a singularity, so it is treated by
a special procedure. First, an upstream solution is computed at the exit grid point, using the flow
tangency condition as the boundary condition and backward { differences in both the initial-value and
solution planes. Next, a downstream solution is calculated, using the specified pressure as the boundary
condition and the stagnation conditions calculated from the upstream grid point. The upstream solution is
used in computing wall grid points upstream of the exit grid point and the downstream solution in
computing downstream free-jet grid points. A third exit grid point solution for interior grid point
calculation is determined as follows. When the upstream solution is subsonic, the two solution Mach
numbers are averaged tc be less than or equal to one. This Mach number, along with the upstream
stagnation temperature and pressure, is then used to calculate the exit grid point solution for computing
the interior grid points. When the upstream solution is supersonic, it is used to calculate the interior grid
points.

¢. No-Slip Boundary, Unlike the VNAP code, VNAP2 uses the characteristic scheme to enforce the
no-slip boundary condition. The boundary condition is the vanishing of the velocity components and
either the vamshing of the temperature gradient normal to the boundary (adiabatic wall) or the
specification of the temperature. The pressure is calculated from Eq. (62) with the normal temperature
gradient set equal to zero and the density from Eq. (61). If the vanishing of the normal temperature
gradient option is desired, then the temperature can be determined from the equation of state. If the
specified wall temperature option is desired, then the pressure is recomputed from the equation of state.

The boundary conditions for the turbulence models are the vanishing of q for the one-equation model
and the vanishing of q and the specification of ¢ so that de/dy = O for the Jones-Launder two-equation

model.

d. Constant Pressure Inflow/Outflow Boundary. The constant pressure inflow/outflow boundary grid
points are also calculsted using the characteristic scheme. The pressure is always specified. If the flow
across tire boundary is outflow, then u and v are calculated from Eqs. (60) and (62), and p is calculated
from Eq. (61). For inflow, u and p are specified and v is calculated from Eq. (62). The actual values of u
and p specified are the values at the grid point where the left boundary intersects the wall. The



temperature is determined from the equation of state. A nonreflecting boundary condition option, similar
to that used at the right boundary, is employed here.

The turbulence model boundary conditions are the extrapolation of q for the one-equation model and q
and e for the Jones-Launder two-equation model.

S. Centerbody Grid Points. The centerbody boundary can be a free-slip boundary, a no-slip
boundary, or a plane (axis) of symmetry. The free-slip and no-slip boundary calculations follow the wall
procedure. The characteristic relation that couples the interior flow to the boundary is derived following
the procedure of Ref. 1 and can be written as

dp — paadu/a® — pBadv/a® = (v, + a’y, — paay,/a® — pPay,/a*)dc (64)

for dn = (v — a® a)drt .

Equation (63) becomes
v=utan@ . (65)

The time derivative in Eq. (63) does not appear in Eq. (65) because the centerbody coordinates are not a
function of time.

For flows where the centerbody is a plane (axis) of symmetry, the centerbody grid points are computed
by the interior point scheme. The bcundary condition is flow symmetry.

The turbulence model boundary conditions are the same as the wall boundary for the free-slip and
no-slip cases. For the plane (axis) of syminetry case, q and e are specified so that dq/8y = de/3y = 0.

6. Dual-Flow-Space Wall Grid Points. The dual-flow-space walls can be either a free-slip or a no-slip
boundary. The calculations follow the wall and centerbody procedures. The centerbody equations are
used for the upper dual-flow space, and the wall equations, with Eq. (65) replacing Eq. (63), are used for
the lower dual-flow-space wall. The turbulence model boundary conditions are the same as the wall and
centerbody boundaries.

7. Step Size. The step size At is determined by

At = min(At,,At,) , (66)
where

At, = A/|(Ju] + a)/Ax + p/A,pAx?) 67
and

Aty = A/[(|v] + a)/Ay + WA pAY?}] | (68)

where A and A, are constants that usually equal 0.9 and 0.25, respectively. For the Quick Solver option,
Eq. (68) becomes

Aty = A/(|v]/Ay + WA pAY) . (69)

These conditions are checked at each grid point in the flow field at each time step. However, these
conditions are not checked on the subcycled time steps.

F. Comments on the Calculation of Steady, Subsonic Flows

Because signals propagate in all directions in subsonic flows, disturbances can reflect inside the
computational grid for many time steps and can significantly prolong the convergence to steady state.
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However, in supersonic flows, signals only propagate downstream and are, therefore, swept out of the
grid. As a result, supersonic flows generally converge to steady state in fewer time steps than subsonic
flows. As an example, consider the following two inviscid accelerating flows: planar subsonic sink flow
and planar supersonic source flow. The comptational regions for the subsonic sink and supersonic source
flows are enclosed by the dashed lines in Figs. 4 and 5, respectively. The top dashed line is treated as a
frec-slip wall, the bottom dashed line is the flow midplane, and the left and right dashed lines are inflow
and outflow boundaries, respectively. The outflow midplane Mach number for the subsonic case is 0.5,
and the inflow midplane Mach number for the supersonic case is 1.5. The boundary conditions for the
subsonic flow are the specification of py, Ty, and 6 at the inlet and p at the exit. For the supersonic flow,
all inlet variables are specified and all outlet variables are extrapolated. The initial-data surface for both
flows is the 1D solution generated by the VNAP2 code. Figure 6 shows the pressure vs number of time
steps for both flows. The top curve for both flows gives the solution at an interior grid point near the
inflow boundary, ard the lower line is a grid point near the outflow boundary. The supersonic flow
reaches steady state in around 150 time steps, whereas the subsonic case requires approximately 1200.
For very complex flows, this difference is often greater. Therefore, the following discssion will be
concerned with improving the convergence to steady state of subsonic flows.

Figure 7 shows the pressure vs number of time steps for the subsonic sink flow employing different
techniques to accelerate the convergence to steady state. Again, the py, Ty, and 0 inflow boundary
condition is used. The grid point plotted in Fig. 7 is the one near the inlet in Fig. 6. The top curve is for a
salculation that started from an initial-data surface consisting of a staiionary flow at the stagnation
pressure and temperature. At time equal to zero, the pressure at the outflow boundary was dropped from
the stagnation value to the sink flow exact solution, thus simulating a bursting diaphragm. The other four
calculations started with an initizl-data surface generated by the VNAP2 code, which is the 1D solution.
The third line from the top shows the solution using the Rudy and Strikwerda'® nonreflecting outflow
boundary condition. The coefficient C, (ALE in Namelist BC) in Eq. (54) equals 0.1. (Namelists are
given in Sec. I1.C.) The fourth curve from the top shows the solution for which all the dependent variables
were smoothed in space for the first 500 time steps. This calculation multiplies the value at a grid point by
a weighting parameter and adds it to the average of the values of its nearest neighboring grid points
multiplied by ore minus the weighting parameter. The weighting parameter was 0.5 for the first time step
and linearly increased to 1.0 (1.0 smoothing) by the 500th time step (SMP = 0.5, SMPF = 1.0, and NST
= 500 in Namelist AVL). The bottom curve used the extended-interval time-smoothing option, which
stores the solution for all dependent variables on the first time step and then monitors the pressure at a
specified grid point on each time step. When this pressure changes direction, the solution at the current
time step is averaged with the solution at the first time step. This averaged solution replaces the current
time-step solution and, in additicn, is stored in place of the first time-step solution. This process is
continued for the entire computation (SMPT = 0.5, SMPTF = 0.5, NTST = 0, and NST = NMAX in
Namelist AVL). The diaphragm initial-data surface solution requires around 1800 tin:e steps to reach
steady state, whereas the 1D initial-data surface solution is steady in approximately 1100 times. The
nonreflecting and space-smoothing options further increase the convergence to stesdy state. However, the
largest increase is due to the time smoothing, which results in a converged solution in about 400 time
steps. The increased convergence rate of the time-smoothed solution over the other options is more
pronounced for more complex flows.

Figure 8 shows the pressurs vs the number of time steps for the u, v, and p inflow boundary condition.
The diaphragm initial-data surface solution produced results similar to the 1D curve and, therefore, is not
shown. The top three curves correspond to the same options in Fig. 7. The bottom curve is the sotution
using the noareflecting inflow option discussed in Sec. LE.2. The coefTicient C, (ALI in Namelist BC) in
Eq. (56) equals 0.1. The top curve of Fig. 8 shows that the u, v, and p boundary condition trapped the



initial disturbances in the computational grid. The Rudy and Strikwerda' nonreflecting outflow
boundary condition option (not shown) did not significantly improve this result. Note that the P.udy and
Strikwerda boundary condition is used in conjunction with the reference-plane-characteristic scheme
which is somewhat different from the numerical procedure they used. Their procedure may produce
different resulis. As Fig. 8 shows, the space- and time-smoothing options, as well as the nonreflecting

inflow boundary condition option, all produce steady sclutions.
The 1D solution, which is used as the initial-data surface, has an outflow Mach number cf 0.55. The

sink flow exact solution has midplane and upper wall outflow Mach numbers of 0.5 and 0.42,
respectively. The high 1D solution Mach number was chosen so that the 1D solution would not
approximate the 2D sink flow solution too closely. However, this high Mach number produces a 12%
difference in mass flow between the 1D solution and the 2D sink flow solution. Because the u, v, and P
inflow boundary condition specifies the 2D sink flow solution mass flow, an expansion wave is produced
at the inlet. This expansion wave causes the large drop in pressure, shown in Fig. 8, during the early
stages of the calculation. Adjusting the Mach number of the 1D solution so that the 1D mass flow closely
approximates the mass flow specified by the u, v, and p boundary condition yields the results shown in
Fig. 9 where, except for the top curve, the convergence to steady state is greatly improved.

From the above and other similar results, some general conclusions can be drawn. First of all, for
steady, subsonic flows the p;, Ty, and 0 inflow boundary condition is preferred over tie u, v. and p
boundary condition. For subsonic computations that require long run times, the extended-interval time
smoothing can significantly reduce computational time. For subsonic/supersonic nozzle flows, the prTr.
and 8 inflow boundary condition is also preferred, because the mass flow is usuilly not known in
advance. If the u, v, and p boundary condition is used for steady, subsonic flows, then either the
ronreflecting inflow option of space or extended-interval time smoothing should be used. The u, v, and p
inflow boundary condition is useful for unsteady subsonic flows where the user wishes to specify the mass
flow. VNAP2 allows only constant values of u, v, and p to be specified; however, the code could casily be
modified to allow time-dependent functions for u, v, and p. The u, v, and p inflow boundary condition
also works well for the subsonic part of the boundary layer in a supersonic flow. In many cases, this
subsonic part of the boundary can be treated with supersonic boundary conditions. However, where this
practice gives pocr results, the u, v, and p boundary condition is an improvement. The test cases run to
date indicate that the u, v, and p boundary condition produces results more consistent with the supersonic
part of the flow than does the p;, T, and 0 boundary condition. As a result, VNAP? ailows only the u, v,
and p option at subsonic parts of a mixed subsonic/supersonic inflow.

The p. v, and p boundary condition has received little use to date because, in general, it should be used
with either the u specified subsonic outflow boundary condition or supersonic outflow. When pis
specified as the subsonic outflow boundary condition, some flows are niot uniquely defined. For example,
if p, v, and p are specified at the inflow and P is specified at the outflow for inviscid subsonic flow in a
constant area duct, the Mach number would not be uniquely specified. The specified u outllow boundary
condition is not incorporated (s originally intended) because there is little use for it. The p.v,and p
boundary condition can be used for subsonic/supersonic nozzle flows because it does not specify the
mass flow; however, the pr, Ty, and 6 boundary condition is preferred.

In general, the closer the initial-data surface is to the final solution, the faster the solution converges to
the steady state. This is also true for viscous flows, where using initial data that approximate all boundary
and free-shear layers generally reducss the run time.

Finally, Moretti and I disagree™* on the u, v, and p subsonic inflow boundary condition. Moretti feels
that the u, v, and p boundary condition is incorrect for a well-posed problem, because disturbances reflec-
ted by this boundary condition may remain trapped in the finite-difference grid. Reference 22 lists several
published proofs of the correctness of this boundary condition. As a result of these proofs, I feel that this
boundary condition is mathematically correct for a well-posed problem and that the trapping of distur-
bances is a numerical problem that can be overcome. In addition to these mathematical proofs, the u, v,
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and p boundary condition satisfies the characteristic ca.apatibility conditions, as does the py, Ty, and 0
boundary condition. Both boundary conditions falsify the time-dependent flow by holding quantities fixed
that actually vary in time (pr and Ty are constant only for steady flow). As a result, both cause non-
physical reflections at subsonic boundaries. The u, v, and p boundsry condition causes a reflection that
has approximately the same amplitude, whcreas the py, Ty, and 8 boundary condition produces a highly
damped reflection. These reflection properties differ because they model different upstream con-
ditions—constant mass flow as opposed to constant total pressure—which makes them suitable for dif-
ferent problems. In Ref. 23, Moretti seems to imply that the u, v, and p boundary condition requires
knowledge of the exact solution. Although I spevified the exact solution in Ref. 20, as did Moretti in Ref.
23, the exact solution values of u, v, and p or pp, Ty, and 6 are generally not known in advance. (For
the special case of inviscid, steady flow, py and Ty, but not 6, are usually known.) Therefore, one specifies
his best guess boundary values. The computed solution will satisfy these boundary values as well as the
governing equations, and its accuracy will depend on how well these boundary values were estimated.
Therefore, I feel that both boundary conditions are correct and that the best choice is problem-dependent.

A second point that concerns this section is Moretti’s claim?® that the initial-data surface and boundary
conditions must be matched so that the transient part of a steady state calculation follows the true
transient solution. Although this is the most correct way to formulate problems, it is generally not the
most economical. It is true that therc are flows where following the true transient solution is very
desirable. One such case is the startup of a supersonic wind tunnel. If, for example, :he area of the throat
downstream of the test section is not large enough to pass the startup shock, then the shock will stand in
the test section or nozzle. Beginning a time-dependent calculation of this flow with a purely supersonic
initial-data surface will produce the started, all supersonic, steady solution, even though this solution is
physically impossible. Beginning this calculation with a 1D subsonic initial-data surface would yield the
right solution. However, use of Moretti’s recommendation® of the diaphragm initial-data surface,
discussed above, provides the right solution without requiring any knowledge of the starting of a
supersonic wind tunnel. Thus, there are flows where either hysteresis effects or lack of understanding
suggest following Moretti's recommendation. However, for steady, subsonic flows this recommendation
can be very expensive. In addition, I have never found a subsonic flow calculation using a time-dependent
method where the steady solution depended on the initial-data surface (except for small differences from
truncation errors and provided the initial-data surface is subsonic). As a result, 1 feel that the srecial
procedures cisv1ssed above for accelerating the convergence of subsonic flows to their steady state may
be used to reduce these lengthy computational times. I have included these last two peragraphs to warn
the users of VNAP2 that some of the ideas expressed above are my own and may not be universally
accepted as correct procedures.

G. Results and Discussion

Presented here are three relatively simple flows that are intended to illustrate the three general classes
of flows that can be computed with VNAP2: inte:nal, external, and internal/external flows. The data files
for these three cases are included at the back of the Fortran listing of the VNAP2 code in the Appendix.
The initial-data surfaces for the external and internal/external cases assume solution array sizes of 41 by
25. For the application of VNAP2 to more complex flows, see Ref. 24.

1. Internal, Inviscid Flow. The first case is steady, subsonic/supersonic, inviscid flow in the 45-15°
conical, converging-diverging nozzle shown in Fig. 10 with the flow from left to right. This calculation is
also presented in Refs. 1, 2, and 25. The upper bounr ‘ary is a free-slip wall and the lower boundary is the
centerline. The left boundary is a subsonic inflow boundary using the py, T asd 8 boundary condition.



The right boundary is a supersonic outflow boundary and, therefore, the variables are extrapolated. Tte
..{ach number contours and wall pressure ratio are shown in Fig. 11. The experimental data are those cf
CufTel et al.”® The computed discharge coefficient is 0.983, compared with the experimentai value cf
0.95. The 2i by 8 uniform computational grid requirzs 299 time planes and a computation time of 35 s
on the CDC 6600 and 6 s un the CDC 7600.

Althcugh the Mach number, wall pressure, and throat mass flow results arz in good agreement with
experiment. the mas. flow variation at different axia! locations is fairly poor. For example, the mass flow
variation between the inlet and throat is 4.5%. If the grid spacing is halved by usinig a 41 by 1S uniform
grid, the mass flow variation between the inlet and throat is 1.4%. Halving the grid spacing again, by
using an 81 by 29 uniform grid, produces a mass flow variation betw.o™ the inlet and throat of 0.1%.
Therefore. the mass Jow variation appears to go to zero as the grid spaciing goes to z=ro. Some of the
error in the coarse grid case may be due to the trapezoidal rule used to evaluate the mass flow integrz!.
However. much of the error is probably due to the large truncation error of the finite-difference equaticns.
cwing to the steep gradients in the nozzle throat region. The variation in throat mass flow betwesn the &1
by 29 and 21 by 8 grid cases is 0.25%, whereas betwesn the 81 by 29 and 41 by !5 grid cases itis 0.06%.
Therefore, the throat mass flow is fairly good for coarse grid spacings even though the overall mass flow
conservation is fairly poor. :

This case uses the convergence tolerance option to determine when the steady state has been reached
That is, when the reiative change in axial velocity in the throat and downstream regions is less thaa
0.003%, the fiow is assumed to have reached steady state. In general. I have not found this convergence
tolerance option to be very useful. because the value of the convergence tolerance depends ox the grid
spacing and flow conditions and as such is usually not known in advance. One exception to tkis is the
case involving a large parametric study. Here, once the convergence tolerance has been determined by
trial and error, it can be used repeatedly in the remaining runs of the parametric study. However, a
procedure based on the time of {light of an avcrage fluid particle seems to work more consiste.tly. In this
procedure, one sets the total number of time steps so that an average fluid particle will travel through ths
computational grid a particular number of times. The velocity of an average fluid particle can bz
estimated from the 1D solution or some other initial-data surface. This average velocity can also be
estimated from the numerica! solution itself by running the program for a fairly short time and using thut
solution to estimate the average fluid particle velocity. Use of the restart option allows this run *o bz
contiued to steady state. The time step can be obtained by -unning the code ior one time step iwo for
viscous flows). Once the average fluid particle velocity and time step have bsen determinsd, then the
number of time steps required for cne trip can be calculated. The last piece of required inforr.ation is the
number of trips made by the average fluid particle through the grid to reach steady state. Fc: supersonic.
inviscid flows, three trips are usually sufficient, whereas supersonic, viscous flows require around five
Converging-diverging, supersonic, inviscid nozzle flows usually require arcund five trips, whzreas viscous
nozzle flows need around seven. The numbers of trips given above are only rough estimates and should be
supplemested by the user’s own experiences. In addition. when in doubt as to how many tinie sieps are
necessary. alvrays use the restart opten.

Finally. for subsonic flows, neither the convergence tolerance nor the time of flight procedure is 1 zally
effective. The most effective method that [ have found is to monitor the static pressure at several spots iz
the flow (see LPP1, MPP! in Namelist CNTRL). Provided that an average fluid particle has made at
least one trip, then the flow can be assumed to be steady when the pressure is oscillating with az
acceptabls amplitude about a constant value. Looking at only the amplitude of the oscillation, without
regard to whether it occurs about a constant value, is sometimes not sufficient.

2. Extcmal, Turbulent Flow. The second case is steady, subsonic, turbulent flow over a boattaill
afterbody with a solid body simulating the jet exhaust. The geometry is shown in Fig. 12, with the cashed
line enclosing the computational region, and the flow is from left to risht. This cslculation is also
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presented in Ref. 24, The upper boundary is a constant pressure inflow/outflow boundary and the lower
boundary is a no-slip wall. The left boundary is a subsonic inflow boundary using the py, Ty, and 0
boundary condition. The values of p; and T; are dstermined from an inviscid/boundary-layer solution
procedure for the forebody. The right boundary is a subsonic outflow beundary and, therefore, the static
pressure is specified. The free-streem Mach number is 0.8 and the Reynolds number, based on the length
at the inflow boundary, is 10.5 X 10%. For more details on the geometry cr experimental data, sce Ref. 27.
The turbulence is modeled using the mixing-length model. This calculation employed the subcycling,
Quick Solver, and extended-interval time-smoothing options. Figure 13 shows the physical space grid,
pressure, and Mach numter contours. Figure 14 shows the susface pressure coefficient on the boattail
and jet exhaust simulator. Figures 13 and 14 show that the boundary layer remains attached. For cases
with separation and exhaust jets, see Ref. 24. This calculation employs a 40 by 25 variable grid that
requires 750 time steps (15 000 subcycled time steps in the boundary layer) and a computation time of 1
h on the CDC 7600. Swanson®® compared several different formulations of the mixing-length model for
computing this case as well as separated cases. '

3. Internal/External, Turbulent Flow. The third case is steady, subsonic, turbulent flow for a plane jet
in a uniform stream. The geometry is shown in Fig. 15 with the dashed line enclosing the computational
region, and the flow is from left to right. The upper boundary is a constant pressure inflow/outflow
boundary and the lower boundary is tite midplane. The dual-flow-space boundaries are no-slip walls. The
let boundary is a subsonic inflow boundary using the u, v, and p boundary condition, with the
ron-eflecting option. The right boundary is a subsonic outflow boundary and, therefore, the static
pressure is specified. The jet and external stream have initial Mach numbers of 0.14 and 0.02,
respectively, while the Reynolds number, based on the jet height, is 3.0 X 10*. The turbulence is modeled
using the mixing-length and Jones-Launder two-equation models. This case, assuming free-slip inflow
profiles and a solid free-slip upper boundary and employing the mixing-length turbulence model, was
presented in Ref. 1. The physical space grid and Mach number contours for the mixing-length model are
shown in Fig. 16. Figurs 17 shows the midplane velocity decay for both turbulence models. The subscript
JE denotes the midplane velocity just downstream of the end of the dual-flow-space walls. The increase in
the velocity is due to the acceleration of the mean flow caused by the growth of the boundary layer. The
experimental data are from Ref. 29, This calculation employs a 41 by 17 variable grid that requires 6000
time steps and 3 computation time of 24 min (mixing-length model) on the CDC 7600.

This rather lengthy run time, even though a fairly coarss grid spacing was used, is because the flow is
almost incompressible. That is, the flow velocity is much smaller than the sound speed. The explicit
numerical scheme is limited to time steps so that sound waves travel less than one mesh spacing. (The
problem geometry did not allow the use of the Quick Solver option, although some reduction in run time
could be made using the subcycle option.) Therefore, many time steps are required before a particle of
fluid travels from the inflow to the outflow boundary.

II. DESCRIPTION AND USE OF THE YNAP2 PROGRAM
A. Subroutine Description

The corputer program consists of 1 program, 1 function, and 18 subroutines. A complete Fortran
listing of the VNAP2 program is included in the Appendix.

I. Program VNAP2. Program VNAP2 initiates a run by reading in the input data. Next, the
program tit!c? abstract, and input data dcs.cﬁp::'ons are printed. The program then calls subroutines
GEfM, GEYMCB, and GEFMLU to calculate the geometry. If requested, program VNAP2 calls




subroutine GNEDIM to calculate the 1D, initial-value surface. Program VNAP2 then prints the
initial-value surface, which includes a mass flow and momentum thrust calculation made by subroutine
MASFL{. Next, subroutine PLET is called to plot the data on film. The final part of VNAP2 consists of
the time-step loop, which calculates the next time-step size; calls subroutine VISC@US to calculate the
artificial, molecular, and turbulent viscosity-heat conduction terms; calls subroutine QSFLVE to calculate
the special derivatives used by the Quick Solver package; calls subroutine INTER to compute the interior
mesh points; calls subroutine WALL to compute the wall, centerbody, and dual-flow-space wall mesh
points; calls subroutine INLET to compute the inlet mesh points; calls subroutine EXITT to compute the
exit mesh points; calls subroutine TURBC to set the boundary conditions for the turbulence variables; if
requested, calls subroutine SMJTH to smooth the solution; calls subroutine MASFL{ to compute the
mass flow and momentum thrust; prints the solution surface; calls subroutine PLZT to plot the data on
film; checks the solution for its convergence to the steady-state solution; and punches (writes) the last
solution plare on cards (disc or tape) for restart.

2. Subroutine GEgM. Subroutine GE@M calculates the wall coordinates and slopes for four different
wall geometries: a constant area duct wall; a circuiar-arc, conical wall; and two tabular input walls. In the
case of the first tubular wall, a completely general set of wall coo:dinates is resd in. Subroutine GEGM
then calls subroutine MTLUP, which interpolates for the coordinates. Next, subroutine GEgM calls
function DIF, which calculates the slopes of the coordinates. For the second tabular wall, the coordinates
and slopes are read in.

3. Subroutine GEGMCB. Subroutine GEGMCB calculates the centerbody coordinates and slopes for
four different centerbody geometries and is similar to subroutine GE@M.

4. Subroutine GEGMLU. Subroutine GEFMLU calculates the upper and lower dual-fiow-space wall
coordina‘es and slopes for two tabular input geometries. These tabular cases are the same as those in

subroutine GEgM.

5. Subroutine MTLUP. Subroutine MTLUP (September 12, 1969) was taken from the National
Acronautics and Space Administration (NASA) Langley program library. This subroutine is called by
subroutines GEGM, GEGMCB, aad GEFMLU to interpolate the wall, cent=rbody, and dual-flow-space
wall coordinates.

6. Function DIF. Function DIF (August 1, 1968) was also taken from the NASA Langley program
library. This function is called by subroutines GEgM, GEGMCB, and GEFMLU to calculate the slopes
of the wall, centerbody, and dual-flow-space wall coordinates.

7. Subroatine NEDIM. Subroutine @NEDIM is called by program VNAP2 to compute the 1D,
isentropic initial-value surface. A Newton-Raphson scheme calkulates the Mach number for the arer
ratios, which are determined from the geometry.

8. Subroutine MAP. Subroutine MAP calculates the functions that map the physical plane to a
rectangular computational plane. Therefore, this subroutine is called before each mesh point is calculated.

9. Subroutine MASFL#. Subroutine MASFL is called by program VNAP2 to calculate the mess
flow and momentum thrust for the initial-value and solution surfaces. The trapezoidal ruls evaluates the
mass flow and momentum thrust integrals.

10. Subroutine PLAT. Subroutine PLYT is called by program VNAP2 to produce velocity vector
plots, the nhysical space zrid, and contour plots of density, pressure, temperature, Mach rumber,
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turbulence energy, and dissipation rate, using the SC-4020 microfilm recorder. The SC-4020 recorder
uses 2 1022 by 1022 array of plotting points or coordinates on each film frame, The origin is the upper
left corner of the array. The coordinates to be plotted by the SC-4020 recorder are assumed to be integer
constants. The first section sets up the plot size by setting the maximum left (XXL), right (XR), top (YT),
and bottom (YB) coordinates in the physical space. Then the film frame coordinates and scaling factors
are determined with the plot beginning at 900, instead of 1022, to allow for labeling.

The next section generates the velocity vector plot. First, the maximum velocity is determined to scale
the plot, which is done so that the maximum velocity vector is U.9 Ax, where Ax is the average value.
Subroutine ADV (Los Alamcs system routine) advances the film one frame. Then the velocity vector is
calculated in fixed point film frame coordinates. Subroutine DRV (Los Alamos system routine) draws a
line between the points (IX1, IY1) and (IX2, IY2), after which subroutine PLT (Los Alamos system
routine) plots a plus sign at the point (IX1, IY1). Subroutine LINCNT (Los Alamos system routine) skips
down 58 lines. (Each printed line height equals 16 film frame points.) The routine then returns to set up
the plot size for the next velocity vector plot if IVPTS > 1, or goes on to the next section if IVPTS < 1.

The next section resets the plot size for the contour plots in case the different scaled velocity vector
plots were requested (IVPTS > 1).

The next section fills the plotting array called CQ with the following variables: density (Ibm/f? or
kg/m?), pressure (psia or kPa), temperature (°K or K), and Mach number.

The next section determines the plotting line quantities using the formula

CQx = CQuun + 0.1K(CQuax — CQuin) »

where K goes from one to nine. This section also labels the frames.

The next section determines the location of each contour line segment and plots it. The contour line
segment defined by the film frame coordinates (IX 1, IY1) and (IX2, IY2) is drawn by subroutine DRYV.
Subroutine PLT plots an L on the low contour (K=1) and an H on the high contour {K=9)..

The last section draws the geometry boundaries for the contour plots. The upper boundary is specified
by YW, the lower by YCB, the upper dual-flow-space boundary by YU, and the lower dual-flow-space
boundary by YL. Next, the rourine returns to the section that fills the plotting array CQ for the next
contour plot.

11. Subroutine SWITCH. Sutroutine SWITCH switches the solution values from the solution array
to the dummy array when dual-flow-space boundaries are present. The dummy array is required because
the two dual-flow-spa - : walls collapse to one grid line in the computational plane.

12. Subroutine VISCHUS. Subroutine VISCHUS calculates the artificial viscosity terms for shock
computations using a velocit; gradient viscosity coefficient. It also calculates the molecular viscosity
terms in the Navier-Stokes equations. In addition, this subroutine calculates the various turbulence terms
in the Navier-Stokes equations, as well as the turbulence encrgy and dissipation rate equations.

13. Subroutine SMEFTH. Subroutine SMPJTH is called by program VNAP2 to add either space or
time numerical smoothing to stabilize the calculations for nonuniform initial-data surfaces or to
accelerate the convergence to steady state. The physically correct molecular viscous terms (with a large
viscosity coefficient) could also be ussd; however, they are much slower and cannot bs reduced or turned
off during a run.

14, Subroutine MIXLEN. Subroutins MIXLEN is called by subroutine VISCHUS to calculate the
shear layer width or the boundary layer thickness and kinematic displacement thickness for the
mixing-length model (ITM = 1). These parameters also determine the length scale used by the turbulence

energy nmicdel (ITM = 2).




1S. Subroutine TURBC. Subroutine TURBC is called by program VNAP2 to set the boundary
conditions for the turbulence energy, Q. and the dissipation rate, E,

16. Subroutine INTER. Subroutine INTER is called by program YNAP2 {0 calculate the interior
mesh points. The conservation of mass, momenta, internal energy, turbulence energy, and dissipation rate
equations are solved by the MacCormack second-order, finitc-differsnce scheme. Subroutine INTER also
contains part of the Quick Solver package. Special values of the derivatives u,, v,, and p,, calculated by
subroutine QSPLVE, are used in special forms of the governing equations to allow an increased time step.

I7. Subroutine WALL. Subroutine WALL is called by program VNAP2 to compute the wall,
centerbody, dual-flow-space walls, free-jet boundary, and sharp expansion corer mesh points. This
subroutine uses a second-order, reference-plane-characteristic scheme and also controls the interpolation
process for locating the free-jet boundary. Subroutine WALL also contains part of the Quick Solver
package that allows an increased time step. However, this subroutine does not use the special derivatives
calculated by subroutine QSgLVE.

18. Subroutine INLET. Subroutine INLET is called by program VNAP2 to compute the inlet mesh
points. If the flow is subsonic, a second-order, reference-plane-characteristic scheme is employed,
whereas specification of the boundary conditions is used for supersonic flow. This subroutine also checks
the Mach number to determine which boundary condition should be used at each mesh point. In addition,
subroutine INLET contains part of the Quick Solver package and uses the special derivatives calculated
by subroutine QS@LVE.

19. Subroutine EXYTT. Subroutine EXITT is called by program VNAP2 to calculate the exit mesh
points. It uses a secord-order, reference-plane-characteristic scheme when the flow is subsonic and
extrapolation when the flow is supersonic. This subroutine also checks the Mach number to determine
which boundary condition should be used at each mesh point. In addition, subroutine EXITT contains
part cf the Quick Solver package and uses the special derivatives calculated by subroutine QS@ELVE.

20. Subroutine QSHLVE. Subroutine QS@LVE, which is part of the Quick Solver package, calculates
the partial derivatives u,, v,, and P, that are used in subroutines INTER, INLET, and EXITT. These
special derivatives are calculated from the domain of dependence defined by the characteristics through
the solution point and, therefore, allow an increased time step.

B. Computational Grid Description

The computational grid for the single-flow-space example is shown in Fig. 18. The grid is rectangular
with equal spacing in the { and n directions, although A{ and An are not in general equal. The grid
spacing (Ax,Ay) in the physical space does not have to be equal.

The dual-flow-space grid (Fig. 19) is the same as the single-flow-space g-id except for an extra row of
grid points (M = MDFS and L between LDFSS and LDFSF). The solution valuss at these extra grid
points are stored in arrays UL, VL, PL, R@L, QL, and EL. During the calculation, subroutine SWITCH
exchanges these values continually with the values in the solution arrays U, V, P, Rg, Q,andEforM =
MDFS and L between LDFSS and LDFSF. For reading in initial¢ 1ta values, the values in UL, VL,PL,
RYL,QL, and EL arrays correpond to the lower dual-flow-space wall, whereas values in the U, V,P,RY,
Q. and E arrays for M = MDFS and L between LDFSS and LDFSF correspond to the upper
dual-flow-space wall.

The computational grid for the subcycled grid option is shown in Fig. 20. The code advances che
solution one time step in the large spacing grid points (from M = 1 to MVCB — 1 and from M = MVCT
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+ 1to MMAX) and then subcycles the small spacing grid points (from M = MVCB to MVCT). In this
way, the small time step requirement of the small spacing grid points (small spacing in the physical plane)
is not forced on the large spacing grid points.

The flow is assumed to enter from the left and exit on the right. In addition, flow may enter or exit the
wall (see IWALL in Namelist BC).

C. Input Data Description

The program input data are entered by a title card and 10 namelists: CNTRL, 1VS, GEMTRY.
GCBL, BC, AVL, RVL, TURBL, DFSL, and VCL. The title card and each namelist are described
below. The program will continue reading in dat. decks and executing them until a file mark is
encountered. After each data deck is executed, the default values for the input data are restored before the
next data deck is read in.

1. Title Card. The first card of each data deck is a title card consisting of 80 alphanumeric characters
that identify the job. This card must always be the first card of the data deck, even if no information is
specified on the card. The 10 namelists must appear in the order in which they are discussed below.

2. Namelist CNTRL. This namelist reads in the parameters that control the overall logic of the
program.

LMAX An integer specitying the number of mesh points in the x direction with a maximum
value specified by a PARAMETER statement (see Sec. ILE.1). No default value is
specified.

MMAX An integer specifying the number of mesh points in the y direction with a maximum
value specified by 8 PARAMETER statement (see Sec. I1E.1). No default value iz
specified.

NMAX An integer specifying the maximum number of time steps. For NMAX = 0, only the
initial-data surface is computed and printed (provided NPRINT > 0). The default
value is 0.

NPRINT An integer specifying the amount of output desired. For NPRINT = N, every Nth
solution plane, plus the initial-data and final solution planes, is printed. For
NPRINT = —N, every Nth solution plane, plus the final solution: plane, is printed.
For NPRINT = 0, only the final solution plane is printed. The default value is 0.

TCONV Specifies the axial velocity stzady-state convergence tolerance in percentage. If equal
to zero, the convergence is not checked. This parameter is a function of the problem
as well as of grid spacing and, therefore, should be used carefully. The default value
is 0.0.

FDT The parameter A in Egs. (67){69) that premultiplies the allowable C-F-L tims step.
It is desirable to use as large a value of FDT as possible without causing the
computatior: to become unstable. Values as largz as 1.3 have been used successfully
for shock-tree flcws, but smaller values are required for flows with shocks (see Sec.
ILF). The defalut value is 0.9.

FDTI The same as FDT, except it avplies on the first time step only. Because the viscous
<ontrituticn to the time-step limitation is not used on the first time step, FDTI may
be used to get the calculation started with a small time step, withcut having to use
this small value for the entire calculation. Some flows may require a small time step
for the first few steps owing to initial gradients in the flov’ variables. This is often
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VDTI
GAMMA
RGAS
TSTEP
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1ud
IPUNCH

NPLOT

LPP1,MPPI
LPP2,MPP2
LPP3,MPP3

true for viscous flows when the Quick Solver option is used. For this situation, make
a short run with small enough values of FDT or FDT1 so that the code will run.
Then use the restart option (see IPUNCH) to continue the run with more desirable
values of FDT or FDTI. For any long running problem, it is usually worth
experimenting with FDT and FDT! (as well as VDT and VDTI) to make sure that
optimum values are being used. The default value is FDT.

The same as FDT, except it applies only in the subcycled part of the mesh. That is,
FDTI is used from M = MVCB to M = MVCT (se¢ Namelist VCL). The default
value is 1.0,

The parameter A, in Eqs. (67)(69) that premultiplies the viscous part of the
time-step equation, whereas FDT premultiplies the entire time step. Increasing VDT
increases the time step. The default value is 0.25.

The same as VDT, except it applies only in the subcycled part of the mesh. That is,
VDT1 is used from M = MVCB to M = MVCT (see Namelist VCL). The default
value is 0.25, although values larger than 1.0 have been used in free-shear layers.
Denotes the ratio of specific heats. The defauk value is 1.4.

Denotes the gas constant in Ibf-ft/bm—°R if English units are used, or J/kg—K if
metric units are used. The default value is 53.38.

Specifies the physical time, in seconds, at which the computations will be stoppex.
The default valuc is 1.0.

An integer specifying the type of units to be u:sed for the input quantities. IF IUI = 1,
English uniss are assumed; if IUT = 2, metric units are assumed. In using any default
values, make sure the values correspond to the proper “nits. The default value is 1.
The same as IUT except for output quantities. IF IU@ = 3, both English and metric
units are printed. The default value is 1.

An integer which, if nonzero, punches (writes) the last solution plane on cards (disc
or tape) for restart. The default value is 0.

An integer which, if greater than or equal to zero, plots both velocity vectors and
contours of density, pressure, temperature, Mach number, turbulence energy, and
dissipation. rate on an SC-4020 microfilm recorder. For NPLOT = N, ell Nth
solution planes, pius the initial-data and final solution plane, are plotted. For
NPLOT = 0, only the final solution plane is plotted. The default value is —1.
Three sets of integers that specify three grid points (the first pointis L = LPP1, M =
MPP1) for whicit the pressure is printed at each time step. When MPPI(MPP2 or
MPP3) = MDFS # 0 (Namelist DFSL), the upper dual-flow-space wall value is
printed. This pressure history is very useful for determining when subsonic flows
have reached steady state. If LPP1 < 0, the pressure at each subcycled grid point
(sce MVCB and MYCT in Namelist VCL) is also printed. The default values are 0
(no printing).

The remaining parameters in Namelist CNTRL are less important than the parameters given above.
For most flows, these remaining parameters can be left at their default values.

NASM

NAME

NCENVI

An integer specifying which part of the flow field is tested for steady-state
convergence. For NASM = 0, the entire flow field is tesied. For NASM = 1, the
transonic and supersonic (throat region to exit) regions are tested. The default value
is 1. :

An integer that, when nonzero, causes the 10 namelists to be printed in addition to
the regular output. The default value is O.

An integer specifying how many times the coavergence tokrance TCENV must be
satisfied on consecutive time steps before the solution is considered to have
convarged. The default valueis 1.
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IUNIT An integer that, when equal to zero, causes the program to use either English or

metric units (see IUI and 1Uf). For IUNIT = 1, a nondimensional set of units is
- used. The default value is 0.

PLEW If the pressure becomes negative during a calculation, it is set equal to PLGW in psia
or kPa. The default value is 0.01. '

RELSW If the density becomes negative during a calculation, it is set equal to RGLIW in
Ib/Rt’ or kg/m”’. The default value is 0.0001.

IVPTS An integer that controls the scaling of the velocity vector olots. IVPTS = 1 produces

one plot with the maximum vector equal to 0.9 Ax, whe.e Ax is the average value.
IVPTS = 2 produces the above plot and a secund plot where the maximum vector is
1.9 Ax, and o0 on. The default value is 1.

3. Namelist IVS. This namelist specifies the flow variable for the initial-data surface.

NID An integer specifying the type of initial-data surface desired. For N1D = 0,a2D
initial-data surface is read in. A value of U, V, P, and Rd (discussed below) must be
read in for all mesh points from L = 1 to LL{AX and from M = 1 to MMAX. In
eddition, for dual-flow-space examples, values of UL, VL, PL, and R@L (discussed
bzlow) must be read in for all mesh points from L = LDFSS to LDFSF. For the
single-equation turbulence model, a value of Q, along with QL for the
dual-flow-space example, may be read in. For the two-equation model, a value of E,
along with EL for the dual-flow-space example, may also be read in. If the arrays Q
and QL and the srrays E and EL are not read in, they are set equal to FSQ and FSE
(Nametist TURBL), respectively. Values of Q and E may be read in for either NID
= 0or NID # 0. For NID # 0, a 1D data surface is computed internally.

The following combinations are possible:

;:g = j ::g:’:;:n see RSTAR and RSTARS
NID = ] subsonic-sonic-supersonic ' No
1D = 2 subsonic-sonic-subsonic additional
NID = 3 supersonic-sonic-supersonic data are
NID = 4 supersonic-sonic-subsonic needed.
The default value is 1.
U(L.M,1) An array denoting the x-direction velocity component in f/s or m/s. For NID = 0,

U(L.M,1) must be read in for cases from L = 1 to LMAX and from M = 1 to
MMAX. For N1D 4 0, U(L,M,1) is not read in. No default values are specified.

V(LM,1) An array denoting the y-direction velocity component in ft/s or m/s. See U(LM,1)
for additional information. No default values are specified.

PMLM,1) An array denoting the pressure in psia or kPa. See U(L.M,1) for additional
information. No default values are specified.

RALM,1) An array denoting the density in Ibm/R* or kg/m’. See U(LM,1) for additional
information. No default values are specified.

QL.M,1) An array denoting the turbulence energy in ft/s* or m¥/s’ See U(L.M,1) for
additional information. The default value is FSQ(M) in Namelist TURBL.

E(LM,1) An array denoting the dissipation rate in ft”/s* or m?/s. See U(LM, 1) for additional
information. The default value is FSE(M) in Namelist TURBL.

UL(L,1) An array denoting the x-direction velocity component in fi/s or m/s a2

corresponding to the lower dualflow-space wall. The values for the upper
dual-flow-space wall are read in by U(L,MDFS,1). For N1D = 0 and MDFS # 0,
UL(L,1) must be read in for cases from L = LDFSS to LDFSF. For N1D # 0 or
MDFS = 0, UL(L,1) is not read in. No default valves are specified.
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VL(L,1) An array denoting the y-direction velocity omponent in ft/'s or m/s. See UL(L,1) for
additional information. No default velues are specified.

PL{L,I) An array denoting the pressure in psia or kPa. Sece UL(L,l) for additicnal
information. No default vatues are specified.

REL(L,1) An array denoting the density in Ibm/R* or kg/m’. See UL(L,1) for additional
information. No default values are specified.

QL(L,1) An array denoting the turbulence energy in ft¥/s? or m?/s’. See UL(L,1) for
additional information. The default value is FSQL in Namelist TURBL.

EL(L,1) An array denoting the dissipation rate in ft*/s® or m%s’. See UL(L,1) for additional
information. The default value is FSEL in Namelist TURBL.

RSTAR, If NID = —1 or —2, either RSTAR for planar or RSTARS for axisymmetric flow

RSTARS must be read in. RSTAR is the area per unit depth or height (in ia. or cm) where the

Mach number is unity. RSTARS is the arca divided by n that is the radius squared
(in in.? or cm?) where the Mach number is unity. No default values are specified.

If the restart option is to be used, the initial run must be made with IPUNCH # 0 in CNTRL, thereby
causing a new IVS Namelist deck to be punched or written on disc or tape. The new IVS Namelist
replaces the one used initially and includes two additional parameters, NSTART and TSTART, which
denote, respectively, the time step and the physical time where the solution was restarted.

When NID # 0, the initial data are calculated using 1D isentropic theory. However, the x and y
velocity components are adjusted while the magnitude is kept constant and the flow angle is satisfied. The
flow angles are linearly interpolated between the slope of the wall and the centerbody. For the
dual-flow-space example, the Mach number is assumed to be equal in both flow spaces at a given value of
x. However, the flow argles are interpolated between the centerbody and the lower dual-flow-space
boundary for the lower space and between the upper dual-flow-space boundary and the wall for the upper

space.

4. Namelist GEMTRY. This namelist specifies the parameters that define the wall contour.

NDIM An integer denoting the flow geometry. For NDIM = 0, 2D planar flow is assumed,
and for NDIM = 1, axisymmetric flow is assumed. The default value is 1.
NGEgM An integer specifying one of four different wall geometries. A discussion of these

four cases follows the definitions of t : additional parameters in this namelist. No
default valve is specified.

XI The x coordinate, in in. or cm, of the wall inlet. No default value is specified.

RI The y coordinate, in in. or cm, of the wall inlet. No default value is specified.

RT The y ccordinate, in in. or cm, of the wall throat. No default value is specified.

XE The x coordinate, in in. or cm, of the wall or free-jet exit. No default value is
specified.

RCI The radius of curvature, in in. or cm, of the wall inl=t. No default value is specified.

RCT The radius of curvature, in in. or cm, of the wall throat. No default value is specified.

ANGI The angle, in degrees, of the converging section. No default value is specified.

ANGE The angle, in degrees, of the diverging section. No default value is specified.

XWI : A 1D srray of nonequally spaced x coordinates in in. or cm. No defaclt values are

_ specified.

YWI A 1D array of y cvordinates, in in. or cm, corresponding to the x coordinates in
array XWI. No default values are specified.

NWPTS An integer specifying the number of entries in arrays XWI and YWI. The maximum
value is specified by a PARAMETER statement (sce Sec. ILE-1). No defautt value is
specified.

IINT An integer specifying the order of interpolation used. The maximum value is 2. The
default value is 2.
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IDIF An integer specifying the order of differentiation used. The maximum value is 5. The
default value is 2.

Yw A 1D array of y coordinates, in in. or ¢cm, which correspond to LMAX x
coordinates, given by XP in Namelist VCL. No default values are specified.

NXNY A 1D array (floating point) of the negative of the wall slopes corresponding to the
clements of YW. No default values are specified.

JFLAG An integer that, when equal to 1, denotes that a free-jet calculation is to be carried

out and, when equal to —1, denotes that a supersonic sharp expansion comner is
present on the wall. These two options are allowed only for the free-slip wall
boundary condition. Many frec-jet flows contain shocks and will, therefore, require
artificial viscosity (see Namelist AVL). The default value is O (no free jet and no
sharp expansion corner).

LJET An integer that, when JFLAG = 1, denntes the first mesh point of the free-jet
boundary (the last wall mesh point is LYET — 1). However, when JFLAG = —1,
LJET is the next mesh point downstream of the sharp expansion comner (the corner
mesh point is LJET — 1). The program assumes that either the wall ends exactly at
LJET — 1 JFLAG = 1) or the sharp expansion corner is located exactly at LJET —
1) JFLAG = —1). Also, for the sharp expansion corner case (JFLAG = —1), tne
slope of the wall at the corner (LJET — 1) should be the upstream value. The
program does not allow both x sharp expansion comner and a free-jet calculation. In
addition LJET must be > 2 and < LMAX — 1. No default value is given.

The following is a discussion of the four different wall geometries considered by this program.

u. Constans Area Duct (NGEWM = 1). The parameters XLRI (radius of the duct) and XE must be
specified.

b. Circular-Are, Conical Wall (NGEYM = 2). The geometry for this case is shown in Fig. 21. The
parameters X1, RI, RT, XE, RCI, RCT, ANGI, and ANGE are specified. The x coordinate of the throat
and the radius of the exit are computed internally.

c. General Wall (NGE¥M = 3). An arbitrary wail contour is specified by tatular input. NWPTS x-
and y-coordinate pairs are specified by the arrays XWI and YWY, respectively. The tabular data need not
be equally spaced. From the specified values of NWPTS, XWI, YWI, 1INT, and IDIF, the program uses
IINT-order interpolation to obtain LMAX y c-.ordinates that correspond to the x coordinawes given by
XP in Namelist VCL. Next, IDIF-order differentiation is used to obtain the wall slope at these LMAX
points.

d. General Wall (NGEYM = 4). An arbitrary wall contour is specified by tabular input. LMAX y
coordinates and the negative of their slopes are specified by the arrays YW and NXNY, respectively.
These y coordinates correspond to the LMAX x coordinates given by XP in Namelist VCL. XI and XE
also must be read in.

5. Namelist GCBL. This namelist specifies the parameters tha* define the centerbody geometry. If no
ceaterbody is peesent, this namelist is left blank but must still be present in the data deck.
NGCB An integer that, when nonzero, specifies one of four different centerbody geometries.
A discussion of these four cases will follow the definitions of the additional
parameters in this namelist. The default value is 0.

RICB The y coordinate, in in. or cm, of the centerbody inlet. No default value is specified.
RTCB The y coordinate, in in. er cm, of Lue centerbody maximum radius. No default value
is epecified.




RCICB The radius of curvature, in in. or cm, of the centerbody inlet. No default value is

specified.

RCTCB The radius of curvature, in in. or cm, of the centerbody maximum radius. No default
value is specified.

ANGICB The angle, in degrees, of the converging section. No default value is specified.

ANGECB The angle, in degrees, of the diverging section. No default value is specified.

XCBI A 1D array of nonequally spaced x coordinates in in. or cm. No default values are
specified.

YCBI A 1D array of y coordinates, in in. or cm, corresponding to the x coordinates in
array XCBI. No default values are specified.

NCBPTS An integer specifying the number of er.rics in arrays XCBI and YCBL. 1nc
maximum value is specified by 8 PARAMETER statement (see Sec. ILE.1). No
default value is specified.

IINTCB An integer specifying the order of interpolation used. The maximum value is 2. The
default value is 2.

IDIFCB An integer specifying the order of differentiation used. The maximum value is 5. The

~ default value is 2.

YCB A 1D aray of y coordinates, in in. or cm, which correspond to LMAX x
coordinates given by XP in Namelist VCL. The default values are 0.0.

NXNYCB The 1D array (floating point) of the negative of the centerbody slopcs corresponding

to the elements of YCB. The default values are 0.0.
The following is a discussion of the four different centerbody geometries considered by this program.

a. Cylindrical Centerbody (NGCB = 2). The parameter RICB (radius of the centerbody) must be
specified.

b. Circular-Are, Conical Centerbody (NGCB = 2). The geometry for this case is shown in Fig. 22. The
parameters RICB, RTCB, RCICB, RCTCB, ANGICB, and ANGECB are specified. The x coordinate
of the maximum radius and the radius of the exit are computed internally.

¢. General Centerbody (NGCB = 3). An arbitrary c.aterbody contour is specified by tabular input.
NCBPTS x- and y-coordinate pairs are specified by the arrays XCBI and YCBI, respectively. The
tabular data need not be equally spaced. From the specified values of NCBPTS, XCBI, YCBI, IINTCB,
and IDIFCB, the program uses IINTCB-order interpolation to obtain LMAX y coordinates that
correspond ‘o the x coordinates given by XP in Namelist VCL. Next, IDIFCB-order difTerentiation is
used to obtain the centerbody slope at these LMAX points.

d. General Centerbody (NGCB = 4). An arbitrary centerbody contour is specified by tabular input.
LMAX y coordinates and the negatives of their slopes are specified by the arrays YCR and NXNYCB,
respectively. These y coordinates correspond to the LMA X x coordinates given by XP in Namelist VCL.

6. Namelist BC. This namelist specifies the flow boundary conditions for all computational

boundaries.
NSTAG An integer that, when nonzero, denotes that variable total pressure PT, variable total

temperature TT, and variable flow angle THETA (all discussed below) have been
specified. If NSTAG # 0, then a value for PT, TT, and THETA must be specified at
all the points from M = 1 to MMAX, even if one or two of the variables are constant
or some grid points are not used (ISUPER = 2 or 3). If NSTAG = 0, only the first
vaiue for each of the three arrays needs to be spacified. The default value is O.

PT(M) A 1D array denoting the stagnation pressure, in paia or kPs, across the inset (see
ISUPER). This array is used to cakulate the 1D initial-data surface as weli as the
inflow conditions for ISUPER = 0, 2, or 3. No default vaives are specified.
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TTM)

THETAM)

PTL

THETAL
PE(M)

LiM)

VIM)
PIM)
RAIM)

VIL

PIL
ROIL

TCB

ISUPER

A 1D array denoting the stagnation temperature, in °R or K, across the inlet (see
ISUPER). This array is used to calculate the 1D initial-data surface as well as the
inflow conditions for ISUPER = 0, 2, or 3. No default values are specified.

A 1D array denoting tke flow angle, in degrees, across the inlet (see ISUPER). The
default value is THETA(1) = 0.0, which is meaningful only when NSTAG = 0.
Denotes the stagnation pressure, in psia or kPa, at the point where the lower
dual-flow-space wall intersects the inlet (see Namelist DFSL). The upper
dual-flow-space wall value is read in by PT(MDFS). If NSTAG = 0 or MDFS =0
or LDFSS # 1, then PTL is not read in. No default value is specified.

The same as PTL, except denotes the stagnation temperature in °R or K.

The same as PTL, except denotes the flow angle is degrees.

A 1D array denoting the pressure, in psia or kPa, to which the flow is exiting. This
pressure is used to compute the flow exit conditions when the flow is subsonic, the
free-jet boundary location when a free-jet calculation & requested, or the wall

‘inflow-outflow bounidary when IWALL = 1. The free-jet or wall inflow/outflow

boundary pressure is assumed to be constant and equal to PE(MMA X). Subroutine
WALL could be modified to allow PE to be a function of x or t. This array starts
with the centerline or centerbody value and ends with the wall value. If the exit
pressure is constant, only the first value of the array needs to be read in. The default
value is 14.7.

Denotes the pressure, in psia or kPs, to which the flow is exiting at the point where
the lower dual-flow-space wall intersects the exit (see Namelist DFSL). The upper
dual-flow-space wall value is read in by PEMDFS). If MDFS = 0 or LDFSF #
LMAX, PEL is not read in. No default value is specified.

A 1D array denoting the x velocity, in ft/s or m/s, across the inlet (see ISUPER).
This array, as well as the arrays VI, PI, and R@I veiow, starts with the centerline or
centerbody value and ends with the wall value. Values must be specified for points
from. M = 1 to MMAX even if some grid points are not used ISUPER = 2 or 3).
No default values are specified.

The same as U, except v velocity.

T*« same as UI, except denotes pressure in psia or kPa.

T. ¢ same as UI, except denotes density in (bm/ft’* or kg/m’.

Denotes the x velocity in /s or m/s at the point where the lower dual-flow-space
wall intersects the inlet (see Namelist DFSL). The upper dual-flow-space wall value
is read in by UIMMDFS). For MDFS = 0 or LDFSS # 1, UIL is not read in. See
ISUPER for additional information. No default value is specified.

The same as UIL, except y velocity.

The same as UIL, except denotes pressure in psia or kPa.

The same as UIL, except denotes density in Ibm/ft® or kg/m’.

A 1D array Jenoting the wall temperature in °R or K corresponding to the x mesh
points. If TW is rot specified, the wall is assumed tc be adiabatic.

The same as TW, except denotes centerbody temperature.

The same as TW, except denotes lower dual-flow-space wall (see Namslist DFSL).
If MDFS = 0, TL is not read in. ’

The same as TW, except derotes upper dual-flow-space wall (see Namelist DFSL).
If MDFS = 0, TU is not read in.

An integer that specifies whether the inlet flow is subsonic, supersonic, or both.
ISUPER may kave the following values:



INBC

IWALL

IWALLM

IINLET

IEXITT

IEX

IVBC

N@SLIP

ISUPER = 0 Subsonic inflow with PT, TT, and THETA as the specdied
quantities.

ISUPER = 1 Subsonic, supersonic, or mixed inflow with UI, VI, PI, and Rl
as the specified quantities. For subsonic flow, PI is only an
initial guess if INBC = 0, and Ul is only an initial guess if
INBC # 0.

ISUPER = 2 Subsonic, supersonic, or mixed inflow between the centerbody
and lower dual-flow-space wall with UI, VI, PI, and R@]I as the
specified quantities. For subsonic flow, PI is only an initial
guess if INBC = 0, and Ul is oniy an initial guess if INBC
# 0. ISUPER = 2 is subsonic inflow between the upper
dual-ilow-space wall and the wal! with PT, TT, and THETA as
the specified quantities.

ISUPER = 3 The same as ISUPER = 2, except subsonic and subsonic,
supersonic or mixed sides are switched.

The default value is 0.

An integer that specifies whether u or p will be the inflow boundary condition for

ISUPER # 0. If INBC = 0, u ., the boundary condition and p is calculated. If

INBC £ 0, the reverse is true. The default value is 0.

An integer that denotes whether the wall is a solid boundary (includes free-jet

option) or a constant pressure inflow/outflow boundary that is fixed with respect to

time. ’

IWALL == 0  Specifies a solid or free-jet boundary.

IWALL = 1 Specifies a constant pressure {PE(MMAX)] boundary. When
there is inflow across this constant pressure boundary, u and p
are set equal to the wall-inlet value. This option cannot be used
with JFLAG # 0 in Namelist GEMTRY. The default value is
0.

An integer that, when not equal to 0, forces linear extrapolation of the pressure at

the wall for the IWALL = 1 case. This option is uszfut when a shock wave exits the

wall boundary or when the flow normal to the boundary is supersonic outflow. The

default value is 0.

An integer that, when not equal to 0, forces specification of all variables as the

inflow boundary condition regardless of the Mach number. It applies only when

ISUPER # 0. The default value is 0.

An integer that, when not equal to 0, forces cither extrapolation (IEXITT = 1) or

specified pressure (IEXITT = 2) as the outflow boundary condition regardless of

the Mach number. The default value is 0.

An integer that denotes the type of extrapclation to be used for supersonic outflow.

IEX = 0 denotes zeroth-order extrapolation, and IEX = 1 denotes linear extrapola-

tion. The default value is 1.

An integer that specifies whether extrapolation cr reflection is used to determine the

viscous terms at toundaries. IVBC = 0 specifies reflection, IVBC = 1 specifies

linear extrapolation, and IVBC = 2 specifies zeroth-order extrapolation. Reflection
is always used £t the centerline or midplane. The adiabatic wall boundary condition

(that is, TW, TCB, TL, and TU not specified) requires IVBC = 0. The default value

is 0.

An integer that, when equal tc zero, specifies free-slip walls whereas NESLIP = 1

specifies no-stip (u = v = 0) walls for all so!'d boundarizs. The no-slip boundary

condition is not enforced at the wall when IWALL # 0. The default value is 0.

35



36

DYW

IAS

ALl

A parameter that specifies the maximura change that is allowed on each time step in
the free-jet boundary location. The defauk value is 0.001, that is, 0.1% maximum
change per time step.

An integer that, if not equal to zero, causes the upper and lower dual-flow-space wall
slopes to be set equal to the average of the two slopes. This occurs only at the point
or points where the two dual-flow-space walls intersect. That is, for LDFSS # 1, the
slopes at LDFSS will be set equal to their average. Also, if LDFSF # LMAX, the
same occurs. The default value is 0.

The coefficient C, in Egs. (55) and (56). This coefficient controls the nonreflecting
inflow boundary condition employed at the left boundary. Any nonzero value will
activate the nonreflecting option; however, values of approximately 0.1 appear to
work well for many problems. Specifying ALI # 0.0 for the Py, Ty, and 0 boundary
condition or supersonic inflow has no effect. The default value is 0.0.

The coefficient C, in Eq. (54). This coefficient controls the nonreflecting inflow and
outflow boundary condition at the right boundary. See ALI for further details.
Specifying ALE # 0.0 for supersonic cutflow has no effect. The default value is 0.0.
The ccefficient C, in Eq. (54). This coeflicient controls the nonreflecting inflow and
outflow boundary condition at the wall boundary. See ALI for further details.
Specifying ALW # 0 when IWALL = 0 (Namelist BC) has no effect. The default

value is 0.0.

7. Namelist AVL. This namelist specifies the parameters that determine the artificial viscosity used to
stabilize the caiculations for shocks and control the space- and time-smoothing options. For flows
without shocks or where space or time smoothing is not desired, this namelist is left blank. See Sec. ILF
for additional information.

CAY
XMU
XLA
PRA

XRg

LSF

MSS,

MSt

IDIVC

ISS

Denotes the artificial viscosity premultiplier C in Eq. (23). See Sec. ILF for typical
values. The default value is 0.0.

Denotes the coefficient C,, in Eq. (24) in the artificial viscosity model. A
nondimensional value is used. The default value is 0.4.

Denotes the coeflicient C, in Eq. (23) in the aritificial viscosity model. A
nondimensional value is used. The default value is 1.0.

Denotes the coefficient Pr, in Eq. (25) in the artificial viscosity model and represents
an artificial Prandtl number. The default value is G.7.

Denotes the coefficient C,, in Eq. (26) in the artificial viscosity model. The default
value is 0.6.

Integers that specify the x mesh points at which the addition of the artificial
viscosity will begin (LSS) and end (LSF). These parameters can significantly reduce
the run time for inviscid flows where a shock occupies only a small part of the flow.
The default values are LSS = 1 and LSF = 999.

The same as LSS and LSF, except that these specify the y mesh points at which the
addition of the artificial viscosity begins (MSS) and ends (MSF). The default values
are MSS = 1 and MSF = 999.

An integer that, when not equal to 0, bypasses the check on the sign of the velocity
divergence in the artificial viscosity model. That is, the artificial viscosity will be
nonzero for both expansions and compressions. This improves some complex
multiple shock interactions, but also increases the smearing of expansions. The
default value is 0.

An integer that, when not equal to 0, zdds the sound speed gradient to the velocity
divergence in Eq. (23). For ISS = 1, the sound spesd gradient is added to the



SMACH

N§?

SMP

SMPF

SMPT

SMPTF

NTST

velocity divergence only if the velocity divergence is <0. For ISS = 2, the sound
speed gradient is always added. This term improves contact surface calculations (see
Sec. LF). The default value ts 0.

Denotes the Mach number below which no artificial viscosity for shock calculations
is added to the solution. This option is useful for moderate-to-high Reynelds
number, steady flow, where the artificial viscosity swamps the molecular and
turbulent viscosities in the boundary layer. By setting SMACH equal to ~0.5, the
artificial viscosity is zero for most of the subsonic part of the boundary layer. See
Sec. LF for additional details. The default value is 0.0. '

An integer denoting the tme step at which a small amount of numerical space or
time smoothing is stopped. Smoothing is employed on the regular time steps and not
the subcycled steps (see Namelist VCL). This smoothing may be required to stabilize
the calculations for very nonuniform or impulsively started initial-data surfaces.
Some initial smoothing in space causes subsonic flows to reach steady state faster,
but this is not the case for transonic and supersonic flows. Time smoothing also
causes subsonic flows to converge to steady state faster. When using the restart
option, make sure NST is set equal to zero unless additional smoothing is desired. If
additional smoothing is desired on a restart, make sure that the values of SMP or
SMPT on the restart equal the final values of the previous run (sce SMP and SMPT
discussion below). The default vaive is O (no smoothing).

A parameter that, along with NST and SMPF, controls the amount of space
smootking (provided NST # €). SMP must be between 0.0 and 1.0. The dependent
variables are smoothed by the followingz formula: u, \ = SMP*u, \, + (1.0 —
SMP)*(up gz + Up mar + Uy + Uy ,)/4.0. The value of SMP changes on each
time step by the following replacement formula:

SMP = SMP + (SMPF — SMP)/NST,

where the underlined SMP denotes the original input value. The inlet (L= 1)and
exit (L = LMAX) columns of grid points are not smoothed. The default value is 1.0.
A parameter that, along with NST and SMP, controls the amount of space
smoothing (see SMP for details). SMPF must be between 0.0 and 1.0. The default
value is 1.0. :

A parameter that. along with NST and SMPTF, ccntrols the amount of time
smocthing or relaxation (provided NST # 0). The dependent variables are
smoothed by the following formula:

upw=SMPT*u{{l + (1.0 — SMPTru},, .

The value of SMPT changes on each time step by the following repiacement
formula:

SMPT = SMPT + (SMPTF — SMPT)/NST,

where the undertined SMPT denotes the original input valuc. Where some initial
space smoothing followed by longer duraticn time smoothing is desired, flows can be
compulted using the restart option. The default value is 1.0.

A parameter that, along with NST and SMPT, controls the amcunt of time
smoothing (see SMPT for details). The default value is 1.0.

An integer that specifies the inten 4 of time steps over which the solution is time
smocthed {provided NST # 0 and SMPT # 1.0). For example, if NTST = 10, then
after every 10 time steps the solution at the current time step N is time averagsd with
the solution at time step N — 0. This averaged sclution is then stored and used to
average with the soluticn at N + 10. For NTST = 0, the cods monitors the
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pressure at the L = LPP1 and M = MPPI1 grid point (Namelist CNTRL) and time
smooths when this pressure changes direction. If LPP1 and MPP1 are not specified
and NTST = 0, there is no time smoothing. This extended-interval time smoothing
usually improves the convergence to steady state of subsonic flows. To use this
option with NTST = 0 or >1, the arrays US, VS, PS, RS, QS, and ES must be
dimensioned for LMAX and MMAX, while arrays ULS, VLS, PLS, R@LS, QLS,
and ELS must be dimensioned for LMAX. These arrays are located in Common
AYV. The default value is 1.

Ar integer that, when not equai to 0, causes the viscous-turbulence terms, turbulence
energy, and dissipation rate (or length scale) to be printed at the solution planes
specified by NPRINT. IAV = 2 causes the viscous terms for each subcycled time
step to be printed (provided MVCB and MVCT in Namelist VCL are nonzero). The
default value is 0. '

8. Namelist RVL. This namelist specifies the real or molecular viscosity parameters. For inviscid
flows, this namelist is left blank.

CMU,
EMU

CLA,
ELA

CK,
EK

These parameters specify the molecular viscosity by the following equation:
p=CMU . TEMU

where T is the temperature in °R or K. The units of u are Ibf-s/ft? or Pa-s. The
default values are 0.0.

These parameters specify the second coefficient of viscosity A by the following
equations:

A=CLA.TfA |

where T is the temperature in °R or K. The units of A are Ibf:s/ft? or Pa-s. The
default values are 0.0.

These parameters specify the thermal conductivity k by the following equation:

k =CK - T®¥,

where T is temperature in °R or K. The units of k are Ibf/s-°R or W/m-K. The he
default values are 0.0.

9. Namelist TURBL. This namelist specifies the turbulence model parameters. For laminar as well as
inviscid flows, it is left blank. For turbulent flows, Namelist RVL cannot be blank.

I™

IMLM

An integer that, when nonzero, specifies one of three different turbulence models.
ITM = 1 specifies a mixing-length model; ITM = 2 specifies a one-equation,
turbulence energy modc; and ITM = 3 specifies a two-equation, turbulence energy-
dissipation-rate model. The default value is 0.

An integer, required for ITM = 1 or 2, that specifies whether the flow is & free shear
layer (IMLM = 1) or a boundary-layer flow (IMLM = 2). This irfcrmation is
required because the equations for the mixing length (ITM = 1) aad the length scals
of the one-equation model (ITM = 2) are different depending on whether the flow is
a free shear or boundary layer. For single-flow spaces, the shear-layer option
assumes either that the boundaries are free slip cr that the lower boundary is a
symmetry boundary and the wall must be a constant pressure inflow/outflow




CML1,
CML2

CAL
CQL
CcQMU
c1.c2,

SIGQ.SIGE

BFST

FSQ(M)
FSEM)

FSQL

FSEL

QLgW

boundary. The boundary-layer option assumes one no-slip boundary, which is either
a centerbody or a wall, but not both. For dual-flow spaces (see Namelist DFSL), the
dual-flow-space walls are assumed to be no-slip boundaries, but the lower boundary
must be a symmetry boundary and the wall must be a constant pressure
inflow/outflow boundary. The program then uses the bourdary-layer option
between the dual-flow-space walls and the shear-layer option elsewhere, rzgardless
of IMLM. Therefore, for dual-flow spaces IMLM does not need to be specified. The
default value is 1.

These coeflicients, defined in Eqgs. (9) and (10) and requi- :d for ITM = 1 or 2, are
used in the shear-layer option (for IMLM = 1 or for dual-flow spaces). The mixing
length, used in both ITM = 1 and 2, is calculated by mulitiplying the shear-layer
thickness by these coefficients. CML2 is for velocity profiles where the minimum
velocity is in the flow interior, and CMLI is for monotonic profiles. The default
values for both coefficients are 0.125 for planar flows and 0.11 for axisymmetric
flow.

Denotes the coefficient @in the governing equations, Eqs. (1){4). This coefTicient
controls the effect of variable density for all three turbulence models. The
recommended and default value is 1.0.

This coeflicient, which is C, in Eq. (15) and required by ITM = 2, is multiplied by
the mixing length to obtain the length scale used in the one-equation model. The
default value is 17.2 for planar flows anc 12.3 for axisymmetric flow.

This coefficient, which is C, in Eqs. (17} and (21) and required by ITM = 2 or 3,
premultiplies the expression for the turbulent viscosity in the one- and two-equaticn
models. The recommended and default value is 0.09.

Cocfficients, which are C,,C,, o,, and o,, respectively, in Eq. (20) and required by
ITM = 3, for the two-equation, turbuleuce energy-dissipation-rate model. The
recommended and default values are 1.44, 1.8, 1.0, and 1.3, respectively.

A parameter, required by ITM = 3, that sets a lower bound for q and ¢ in the two-
cquation model by the following relation:

qu.m > BEST*FSQM)
€ .m 2 BFST*FSE(M),

where FSQ and FSE are defined below. A value between 0.0 and 1.0 is necessary for
some separated flows. If MDFS # 0 and L < LDFSS or L > LDFSF (Namelist
DFSL), then BFST is set to zero. The default value is 0.0.

A 1D array that denotes the inlet or frec-stream turbulence energy level ITM =2 or
3)in ft*/s? or m?/s. This erray, as well as the array FSE, sta:ts with the centerline or
centerbody value and ends with the wall value. The default value is 0.0001.

The same as FSQ), except that the dissipation rate level (ITM = 3) is given in /s’ or
m?/s’. The default value is 0.1.

Denotes the inlet or free-stream turbulence energy level (ITM = 2 or 3) in f%/s? or
m?/s? at the point where the lower dual-flow-space wall intersects the inlet (see
Namelist DFSL). The upper dual-flow-space wall is read in by FSQ(MDFS). For
MDFS = 0 or LDFSS # 1, FSQL is not read in. The default value is 0.0001.

The same as FSQL, except that the dissipation rate level (ITM = 3) is given in f¥/s®
or m?/s’. The default value is 0.1.

If during a calculation the turbulence energy (ITM = 2 or 3) becomes less than or
equal to QLAW, it is set equal to QLEW. The default velue is 0.0001.
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ELOW

LPRINT,
MPRINT

PRT

STBQ,
STBE

The same as QLEW except for the dissipation rate (ITM = 3). The default value is
0.1.

Integers that, when greater than zero, cause the convection, production, dissipation,
and diffusion terms of the turbulence energy (ITM = 2 or 3) and dissipation rate
(ITM = 3) to be printed for L = LPRINT, M = MPRINT at every time step. The
axisymmetric terms are not included. The default value is 0.

Denotes the turbulent Prandtl number in Eq. (8). The turbulent viscosity p, is
calculated by the turbulence model, after which the turbulent conductivity k; is
calculated from PRT. The default value is 0.9.

Denote the coefficients C, and Cg, respectively, in Eq. (22). These coefficients
control the fourth-crder smoothing for the two-equation model (ITM = 3). This
smoothing may improve the results for strongly separated flows. The default values
are 0.0 (no smoothing).

10. Namelist DFSL. This namelist specifies the dual-flo'v-space walls. For single-flow-space ex-
amples, this namelist is left blank.

MDFS

LDFSS,
LDFSF

NDFS
YU,
YL

NXNYU,
NXNYL

XUl1,
XLI

YUI,

YLI
NUPTS,
NLPTS
IINTDFS

IDIFDFS

An integer that, when nonzero, specifies the M row of grid points along which the
dual-flow-space walls are positioned. MDFS cannot be set equal to 2 or
MMAX - 1. The default va'ue is 0.

Integers that specify the x grid points where the dual-flow-space walls start and end,
respectively. LDFSS and LDFSF cannot be set equal to 2 or LMAX — 1,
respectively. The default values are 0.

An integer specilying one of two different dual-flow-space wall geometries. A
discussion of these two cases follows the definitions of the add'tional parameters in
this namelist. No default value is specified.

ID arrays of y coordinates in in. or cm, which correspond to the LMAX x
coordinates given by XP in Namelist VCL. YU denotes the upper dual-flow-space
wall and YL denotes the lower. The default values are 0.0.

ID arrays (floating point) of the negative of the dual-flow-space wall slopes
corresponding to the elements of YU and YL, respectiveiy. The default values are
0.0.

1D arrays of nonequally spaced x coordinates in in. or cm. XUI corresponds to the
upper dual-flow-space wall and XLI corresponds to the lower. No default values are
specified.

1D arrays of y coordinates in in. or cm, corresponding to the x cocrdinates in arrays
XUI and XLI, respectively. No default values are specified.

Integers specifying the number of entries in arrays XUI-YU! and XLI-YLI,
respectively. The maximum value is specified by a PARAMETER statement (sce
Sec. ILE.1). No default values are specified.

An integer specifying the order of interpolation used. The maximum value is 2. The
default value is 2. i

An integer specifying the order of ifferentiation used. The maximum value is 5. The
default value is 2.

The following is a discussion of the two different dual-flow-space wall geometries considered by this
program. If the dual-flow-space walls begin in the interior (LDFSS # 1), the values of YL and YU (or
YLI and YUI) for L = LDFSS must be equal. The same is trus at L = LDFSF if the dual-flow-space
walls end in the interior (LDFSF # LMAX). If the dual-flow-space walls begin and end in the interior,
than the ratio (YL — YCB)/(YW — YCB) at L = LDFSS must equal that at L = LDFSF. The angle of
attack of the dual-flow-space walls can be varied somewhat by changing the shape of the centerbody and
wall. However, if the centerbody and wall shapes are fixed, then the angle of attack cannot be varied.
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a. General Dual-Flow-Space Wall (NDFS = 1). An arbitrary dual-flow-space wall contour is
specified by tabular input. NUPTS x and y coordinate pairs are specified by the arrays XUi and YUI,
respectively. NLPTS x and y coordinate pairs ae specified by the arrays XLI and YLI, respectively. The
tabular data need not be equaliy spaced. From the specified values of NUPTS, XUl, YUI, NLPTS, XLI,
YLIL IINTDFS, and IDIFDFS, the program uses IINTDFS-order interpolation to obtain (LDFSF —
LDFSS + 1) upper and lower dual-flow-space wall y coordinates that correspond to the (LDFSF —
LDFSS + 1) x coordinates given by XP(LDFSS) to XP(LDFSF) in Namelist VCL. Next, IDIFDFS-
order differentiation is used to obtain the upper and lower dual-flow-space wall slopes at these (LDFSF —
LDFSS + 1) points.

b. General Dual-Flow-Space Wall (NDFS = 2). An arbitrary wall contour is specified by tabular
input. (LDFSF — LDFSS + 1) y coordinates and the negative of their slopes are specified by the arrays
YU and NXNYU for the upper dual-flow-space wall and YL and NXNYL for the lower, respectively.
The y coordinates co  :spond to the (LDFSF — LDFSS + 1) x coordinates given by XP(LDFSS) to
XP(LDFSF) in Namelist VCL.

11. Namelist VCL. This namelist specifies the variable grid coordinates as well as the parameters that
control the subcycle and Quick Solver options. For equal or uniform grid spacing, this namelist is left
blank.

The subcycle option allows the part of the mesh with the small grid spacing to be computed for many
time steps with the required small time step, whereas the rest of the mesh is calculated only one time step.
The Quick Solver option can be used with the subcycle option to increase the time step in the small grid
part of the mesh and, therefore, reduce the number of time steps or subcycles. The Quick Solver allows
the increased time step by a procedure that removes the sound speed from the usual C-F-L stability
condition. The Quick Solver assumes the flow in the y direction is subsonic.

IST An integer that, when nonzero, specifies that both the x and y coordinates will have
variable grid spacings. When IST = 0, the program will generate equally spaced
values of XP and YI. The default value is 0.

XP A 1D array that denotes the x coordinate grid spacing. The elements of XP begin
with the inlet (L = 1) and extend to the outlet (L = LMAX]). The first element XP(1)
must equal XI Jor XWI(1)] of Namelist GEMTRY and XP(LMAX) must equal XE
[or XWI(NWPTS)]. For IST = 0, the default values of XP consist of LMAX
equally spaced grid points. For IST # 0, no default values are given.

Y1 A 1D array that specifies the y coordinate grid spacing at the inlet or x = XP(1)
column of grid poinis. The elements of YI begin with the centerline or centerbody
and extend to the wall. If MDFS # 0 and LDFSS = 1 (Namelist DFSL), then
YIMDFS) must equal YU(1) and a value of YI = YL(1) is not read in. The grid
spacing for the columns corresponding to x = XP(2), XP(3), ..., X(LMAX) is
proportional to the YI spacings. For IST = 0, the default values of YI consist of
MMAX equally spaced grid points. For IST # 0, no default values are given.

MVCB, Integers that, when nonzero, denote which grid points will be subcycled. The

MVCT subcyzled grid points are M = MVCB to MVCT for all L. The restricticns are
MVCB # 2, MVCT # MMAX — 1, and MVCT > MVCB + 1. Where dual-flow-

" spacs walls are present, MVCB % MDFS + 1 and MVCT #MDFS — 1. Finally, if
the subcycled grid points extend on each side of the dual-flow-space walls, MYCB <
MDFS — ! and MVCT > MDFS + 1. The default values are 0.

NVCMI An integer that. when nonzero, specifies the number of times the small spacing grid
points are subcycled. If NVCMi = 0, the program determines the value internally.
NVCMI must be an odd integer for indexing reasons. See NIQSS and NIQSF for
additional details. The default value is 0.
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1QS An integer thet, when nonzero, specifies the Quick Solver option. This option
assumes that the flow in the y direction is subsonic. Also, if MVCT = MMAX, then
the wall boundary must be a no-slip solid wall (IWALL = O and NgSLIP = 1 in
Namelist BC). If MVCB = 1, then the centerbody boundary must be a r:o-slip solid
wall (NGCB = 1 in Namelist GCBL and N@SLIP = 1). If dual-flow-space walls are
present (see Namelist DFSL), the Quick Solver assumes that the subcycled grid
points extend on each side of the dual-flow-space walls; that is, MVCB < MDFS <
MVCT. The default value is 0.

NIQSS, Integers that, when nonzero, denote at which time step N the Quick Solver will start

NIQSF (NIQSS) and stop (NIQSF). If NIQSS > 1 and NVCMI is nonzero, then the
program internally calculates the number of times to subcycle the small spacing grid
points for N < NIQSS and uses NVCMI when N > NIQSS. The default values are
NIQSS = 2 and NIQSF = NMAX in Namelist CNTRL.

CQs A parameter that specifies the convergence tolerance for the iteration that locates
the characteristic intersection points in the Quick Solver. The default value is 0.001.

ILLQS An integer that specifies the maximum number of iterations allowed in locating the
characteristic intersection points in the Quick Solver, The default value is 30.

SQS The coefficient Cg, in Egs. (47) and (49), that controls the amount of numerical
smoothing necessary to stabilize the Quick Solver. The recommended and default
value is 0.5.

D. Output Description

Program output consists of printed output, film plots, and punched cards (cisc or tape file) for restart.
The first two pages (or first three pages in the tabular input geometry case) of output include the program
title, abstract, list of control parameters, fluid model, flow geometry, nozzle geometry, boundary
conditions, artificial viscosity, molecular viscosity, turbulence model, and variable grid parameters.

Following the title pages is the initial-data surface. Before each initial-data surface, a
page is printed that gives the mass flow, ratio of mass flew to inlet (L = 1) mass flow, exit momentum
thrust, and ratio of momentum thrust to inlet momentum thrust for L = 1 to LMAX. These data are
cither data that have been read in or a 1D solution that has been computed by the program. All units are
given. For planar flow, the mass flow units are Ibm/in.-s or kg/cm-s and the momentum thrust units are
1bf/in. or N/cm.

After the initial-data surface has been printed, the sclution surfaces are printed. Before each solution
surface, a page is printed that gives the mass flow, ratio of mass flow to inlet (L = 1) mass flow, =xit
momentum thrust, and ratio of momentum thrust to inlet momentum thrust for L = 1 to LMAX. After
the mass flow page, the solution surfaces are printed. These surfaces have the same format as the initial-
data surface, Each solution surface gives the flow field for a certain value of time. At the top of each
solution surface page is the number of time steps N, the time, the time step, the number of subcycles
NVCM, and the subcycled Courant number CNUMS. At the top right of each page are two pairs of
rumbers enclosed in parentheses. These give the grid points where the limiting time step was found. The
one on the right is for the subcycled grid. As many solution planes as desired may be printed by varying
the input data.

If requested (IAV # 0), artificial viscosity, molecular viscosity, and turbulence parameters are printed
before each soluticn plane. QUT denotes the x momentum equation right-hand-side terms in ft/s or m/s,
QVT denotes the y momentum equation right-hand-side terms in f/s or m/s, QPT denotes the internal
exergy equation right-hand-side terms in psia or kPa, and QR@T denotes the continuity equation right-

hand-side terms in Ibm/ft’ or kg/m’. AVMUR and TLMUR are the ratios of artificial and turbulent
viscosities to the laminar value, respectively, Q is the turbulence energy at the N — 1 time step in t%/s? or



m?/s?, and E is the dissipation rate at the N — I time step in ft*/s’ or m?/s’. QQT is the turbulence energy
equation right-hand-side terms in ft¥/s? or m%/s?, QET is the dissipation rate equation right-hand-side

terms in RY/s’ or m¥/s’, and TML is the mixing-length (ITM = 1) or length scale (ITM = 2) in in. or cm.

The parameters for the upper dual-flow-space wall are printed on the last page of the viscous printout. At
the end of the viscosity parameters are the grid points whose viscous terms limit the time-step size in the
x and y directions. Also printed is the ratio of the y terms to the x terms. The larger this ratio, the more
restrictive the y direction terms become in limiting the time step size. If LPRINT and MPRINT are read
in, the turbulence energy and dissipation rate convection, production, dissipation, and diffusion terms (not
inclading axisymmetric terms) are also printed in internal units. Also, film plots with the units of the
printed output are made for each requested time step. When the computation is stopped because the flow
has satisfied the convergence tolerance, the physical time equals TSTPP, or the maximum number of time
steps has been reached, the final solution plane is always printed and plotted.

E. Computing System Compatibility

1. Deck Set-Up. The deck begins with the common deck called MCC, followed by the main program
called YNAP2 and the remaining function and subroutines. The common deck is preceeded by the card
*C@MDECK,MCC, beginning in column 1. This common deck is separated from the main program
VNAP2 by the card *DECK,VNAP2, also beginning in cclumn 1. Any routine that uses the common
deck MCC has the card *CALL,MCC, beginning in column 1, at the location where the common deck
should be in that routine. The CDC routine UPDATE will place the common deck in each routine
containing 8 *CALL,MCC card. This simplifies making changes to the COMMON statements as well as
array sizes (see bedow). For computing systems without an UPDATE or comparable routine, remove the
*CMDECK,MCC and *DECK,VNAP2 cards and replace all *CALL,MCC cards with the common
deck, MCC.

2. Array Sizes. This version of the program allows for a maximum of 41 x and 25 y mesh points.
These values are set by use of a PARAMETER statement, which is the first card in the common deck
MCC. In this PARAMETER statement, L1 > LMAX, MI > MMAX, LIl = LI + 1, and MI1 = MI +
1. MQS > MVCT sets the Quick Solver array sizes. When the Quick Solver is not being used (IQS = 0),
then MQS can be set equal to one to reduce the amount of storage. LTS = LI and MTS = MI set the
extended-interval time-smoothing array sizes. When the extended-interval time smoothing is not being
used (NTST = 1 or NST = 0), then LTS and MTS caun be set equal to one to reduce the amount of
storage. By using the routine UPDATE, discussed above, the amrey sizes may be changed by changing
the one PARAMETER statement card. For computing systems that do not allow a PARAMETER
statzment, remove the PARAMETER statement and replace the integers LI, MI, LI1, MI1, MQS, LTS,
and MTS in the common block, 2s well as ths two cards defining LD and MD (following the NAMELIST
statements in program VNAP2) with the desired values.

. 3. Film Plotting. The subroutine PLJT discussion in Sec. II.A describes the Los Alamos National
Laboratory system routines used by this code. For other computing systems, the Los Alamos routines in
subroutine PLAT will have to be replaced by comparable routines. On the other hand, if velocity vector
and contour plots are not nceded, then subroutine PLET can be replaced by a dummy subroutine.

4. Single-Subscripted Arrage Unlike VNAP, VNAP2 contains no single subscripting of arrays that
are dimensioned with multiple subscripts, because most current Fortran compilers generate nearly as
efficient a code with cither single or multiple subscripts. For example, the single subscript version of
VNAP2 was approximately 1 to 2% faster than ths multiple subscript version using the CDC FTN 4.8
compiler. This small increase in efficiency did not seem to be worth the added complexity.
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F. Artificial Viscosity Discussion

The artificial viscosity model contains many parameters. However, in most cases the user needs to be
concerned with only two, CAV and FDT. CAV controls the overall amount of smoothing and FDT
controls the time step. If the space oscillations (that is, oscilations from point to point in the same time
plane) are too large, then increase CAYV. If the shock is too smeared, then decrease CAV. However, if the
time oscillations (that is, oscillations at the same space point in different time planes) are too large, then
decreuase FDT. Increases in CAV often requaire decreases in FDT, whereas decreases in CAV often allow
increases in FDT. For computation eftivtency one uses large values of FDT and, therefore, small values
of CAV. In calculations where FDT :s too large, the solution usually “blows up” in less than 10 time
steps. For calculations where CAV is too small, the solution usually takes longer to blow up. If FDT is
smaller than necessary and CAV is larger than required, the solution will not blow up but, instead, will be
inaccurate and inefficient. However, there is ¢ lower limit of FDT below which space oscillations will
appear. The code includes an artificial viscosity contribution in the time step calculation and, therzfore, a
given value of FDT will usually suffice for a wide range of CAV.

As an example, an oblique shock produced by supersonic flow (Mach naumber = 3.2) over a 30°
wedge (pressure ratio = 6.84) required a CAV of 1.5 and an FDT of 0.8. In general, stronger shocks
require larger values of CAV and smaller values of FDT. The opposite is true for weaker shocks.

The artificial viscosity discussed above is intended for shocks and is very small for contact surfaces
and zero for expansions. Because of this, if contact surfaces are present, additional smoothing is usually
needed. This can be accompiished by using the sound speed gradient option (ISS # 0). For ISS # 0, the
sound speed gradient is added to the velocity divergence. If ISS = 1 and the divergence of the velocity is
<0, then the sound speed gradient is set equal to zero, which again mainly smooths only :kocks. If ISS =
2, the sound speed gradient is always nonzero, which smooths shocks, contact surfaces, and,
unfortunately, expansions. Therefore, for contact surfaces or dual flows with very different densities, use
the ISS = 2 option. The IDIVC # 0 (ISS = 1) option could also be used, but here both the velocity
divergence and the sound speed gradient are nonzero, causing additional smearing of any exr.ansions that
may be present.

Another problem concerning the artificial viscosity is the shock wave-boundary layer interaction. Here,
the artificial viscosity that is necessary for the shock may swamp the molkecular and turbulent viscosities
in the boundary layer. To minimize this problem, the artificial viscosity depends on the velocity
divergence and not the shear gradients. In addition, A, and p, are multiplied by the Mach number
squared in the subsonic part of the boundary layer. If this is not sufficient, the SMACH option can be
used. There are no claims that this artificial viscosity model is the best way tc treat shock wave-boundary
layer interactions. It is to be hoped that additional work will produce better procedures.

G. Sample Calculations

1. Case No. 1: Subsonic Constant Area, Supersonic Source Flow. The geometry for this case is
shown :n Fig. 23 and consists of a constant area duct on top containing subsonic flow and a diverging
duct cn the bottom containing supersonic source flow. The data deck and printed output are presented in
Figs 24 and 25, respectively.

a. Namelist CNTRL. This case uses .. 21 by 11 mesh, therefore LMAX = 2] and MMAX = 11.
The maximum number of time steps NMAX is set equal to 500. After 500 time steps, the supersonic flow
is steady, but the subsonic flow is still changing slightly. Film plots of the fina! solution plane are
requested by setting NPLOT = 500. A nondimensional set of units is used, so IUNIT = 1. The gas
constant for this nondimensional set of units is 0.01; therefore RGAS = 0.01. So that the calculation will
not be stopped before the number of time steps reaches NMAX, TSTYP is increased to 100.0. The
additional parameters are left equal to their defauit values.
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b. Namelist IVS. An initial-data surface that is subsonic in the upper flow space and supersonic in the lower
is desired. Because this is not possible using the internally generated initial data, a general initial-data surface is
read in. Therefore, N1D = 0 and values for the arrays U, V, P, R@, UL, VL, PL, and R@L must be read in. All
the values are assumed to be constant in each flow space. The additional parameters are left equal to their
default values.

¢. Nameiist GEMTRY. The flow geometry for this case is 2D planer flow; therefore NDIM = 0. The wall is
a constant area duct; therefore NGEBM = 1. The inlet location XI equals 0.0, the exit location XE equals 4.0,
and the radius RI equals 2.1547. No other input is required.

d. Namelist GCBL. Becaus> this case has no centerbody, no input is required.

e. Namelist BC. Because the lower flow-space inflow is supersonic and the upper flow space is subsoaic,
ISUPER = 2. The stagnation pressure PT, stagnation temperature TT, and exit pressure PE for the upper flow
space are 213.514, 124.2, and 180.0, respectively. Values for the arrays UL, VI, PI, and R@I, as well as the
variables UIL, VIL, PIL, and R@IL, are read in for the lower flow space. No other input is required.

J. Namelist AVL. Because there are no shocks and the initial data is smooth, no input is required.
8. Namelist RVL. Because the flow is inviscid, no input is required.
k. Namelist TURPBL. Because the flow is inviscid, no input is required.

& Namelist DFSL. For this case, the upper and lower dual-flow-space walls are specified by LMAX
equally spaced values of YL and YU and the corresponding negative of their slopes NXNYL and
NXNYU:; therefore NDFS = 2. The dual-flow-space walls begin at the inlet and end at the exit; therefore
LDFSS = 1 and LDFSF = 21. The dual-flow-space walls correspond to the M = 6 row of grid points;
therefore MDFS = 6. No other input is required.

J. Namelist VCL. Because a uniform grid is used, no input is required.

2. Case No. 2: Supersonic Source, Subsonic Constant Area Flow. This case is the same as Case No.
1, except that the lower dual-flow space is the subsonic constant area duct and the upper flow space is the
supersonic source flew. The geometry is shown in Fig. 26. The data deck and printed output are
presented in Figs. 27 and 28, respectively. Because the discussion for this case closely follows that of
Case No. 1, it is not included here.

3. Case No. 3: Subsonic Airfoil. The geometry for this case is shown in F ig. 29 and consists of a 10°
double wedge airfoil between two solid walls. The data deck and printed output are presented in Figs. 30

and 31, respectively.

a. Namelist CNTRL. This case uses a 21 by 11 mesh; therefore LMAX = 21 and MMAX = 11. The
maximum number of time steps NMAX is set equal to 500. Film plots of the final solution plane are
requested by setting NPLGT equal to 500. A nondimensional set of units is used, so TUNIT = 1. The gas
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constant for this nondimensionai set of unitr is 0.01; therefore RGAS = 0.01. So that the calculation will
not be stopped before the number of time steps reaches NMAX, TST@P is increased to 100.0. The
additional parameters are left equal to their default values.

b. Namelist IVS. A subsonic initial-data surface is computed by the program, so N1D = —2. The
Mach number everywhere is set by specifying the height for the area where the Mach number equals 1.0;
therefore RSTAR = 0.7464. No other input is required.

¢. Namelist GEMTRY. The flow geometry for this case is 2D planar flow; therefore NDIM = 0. The
wall is a constant area duct, therefore NGEGM = 1. The inlet location XI = 0.0, the exit location XE =
4.0, and the radius RI = 1.0. No other input is required.

d. Namelist GCBL. The centerbody is a horizontal wall, and so NGCB = 1. The redius RICB = 0.0.
No other input is required.

e. Namelist BC. The stagnation pressure PT = 213.514, the stagnation temperature TT = 124.2, and
the exit pressure PE = 180.0. No other input is required.

J. Namelis' AVL. Because there are no shocks and the initial data is smooth, no input is required.
8. Namelist RVL. Because the flow is inviscid, no input is required.
h. Namelist TURBL. Because the flow is inviscid, no input is required.

i. Namelist DFSL. For this case, the upper and lower dual-flow-space walls are specified by 11
(LDFSF — LDFSS + 1) equa'iy spaced values of YL and YU and the corresponding negative of their
slopes NXNYL and NXNYU; therefore NDFS = 2. The dual-flow-space walls begin at L = 6 and end
at L = 16, therefore LDFSS = 6 and LDFSF = 16. The dual-flow-space walls correspond to the M = 6
row of grid points; therefore MDFS = 6. No other input is required.

J. Namelist VCL. Because a uniform grid is used, no input is required.
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VNAP2 CASE t - SUBSONIC CONSTANT AREA-SUPERSONIC SOURCE FLOW

SCNTRL LMAX=21 MMAX=11 NMAX=500.NPLOT=500,IUNIT=1,RGAS=0.01,
TSTOP=100.0 $

$IVS N1D=0,
U(1,1,1)=2:¢1.39,U(1,2,1)=21+1.39,U(1,3,1)221+1.39,U(1,4,1)=21+1.39,
U(1,5.1)=21+1,32,UL=21+1.39,U(1,6.1)=21+0.67,U(1.7,1)=21+0.67,
U(1,8,1)=21+0.67,U(1,9,1)=21+0.67,U(1,10,1)=2120.67,U(1,11,1)=21+0.67,
V(1,1,1)232120.4,V(1,2,1)%2100.4,v(1,3,1)221+0.4,V(1,4,1)22120.4,
V(1,5,1)221¢0.4,VL=21+0.4,V(1,6,1)%21+0.0,V(1,7,1)221¢0.0,
v(1,8,1)221¢0.0,V(1,9,1)221¢0.0,V(1,10,1)=21+0.0,V(1,1¢,1)=21+0.0,
P(1,1,1)=21+81.7,P(1,2,1)721+81.7,P(1,3,1)221+81.7,P(1,4,1)=21+81.7,
P(1,5,1)=21+81.7,PL=21+31.7,P(1,6.1)=221+180.0,P(1,7,1)=21+180.0,
P(1,8,1)=21+180.0,P(1,9,1)=21+180.0,P(1,10,1)=212180.0.P(1,11,1)=21+180.0,
RO(1,1,1)=21¢86.6,R0(1,2,1)=2186.6,R0(1,3,1)=21+86.6,R0(1,4,1)=21+86.6.
RO(1,5,1)%21+86.6,R0L=21¢86.6,R0(1,6,1)=21¢150.0,R0(1,7,1)=%1+,150.0,
RO(1,8,1)221¢150.0,R0(1,9,1)=21+150.0,R0(1,40.1)=21+150.0,
RO(1,11,1)221+150.0 $

$GEMTRY NDIM20 NGEOM=1 XI1=0.0,XE "4.0,RI=2,1547 $

$GCBL H

$BC ISUPER=2,PT=213.514,7T7=124.2,PE=180.0,
UI=1.301538,1.3092,1.3276,1.3494,1.3701,U1L=*1.3877,
VI=0.0,0.07559,0.1533.0.2337,0.3164,VIL=0.4006,
P1=100.0,98.7152,95.4717,91.2200.86.5300,PIL=81.7273,
ROI=100.0,99.0805,96.7441,93.6450,90. 1800,R0IL=8B6.5775 s

SAVL H
SRVL s
$TURBL s

$OFSL NOFS=2 LDFSS=1,LDFSF=21 MDFS=6,
YL=0.5,0.5577,0.6155,0.6732,0.7309,0.7887,0.8464,0.9047,0.9619,1.0196,
1.0774,1.1351,1.1928,1.2506,1.3083,1.3660,1.4238,1.4815,1.5392,1.5970,
1.6547,

NXNYL=21+-0.28868,

YU»21+1.6547,

NXNYU=21¢-0.0 s

$vCL $

Fig 24.
Case No. 1 data deck.
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VNAP2, A COMPUTER PROGRAM FOR THE COMPUTATION OF TWO-DIMENSIONAL, TIME-DEPENDENT, COMPRESSIBLE, TURBULENT FLOW

BY MICHAEL C. CLINE, T-3 - LOS ALAMOS NATIONAL LABORATORY

PROGRAM ABSTRACT -

THE NAVIER-STOKES EQUATIONS FOR TWO-DIMENSIONAL, TIME-DEPENDENT FLOW ARE SOLVED USING THE
SECOND-ORDER, MACCORMACK FINITE-DIFFERENCE SCHEME. ALL BOUNDARY COMDITIGNS ARE COMPUTED USING
A SECOND-ORDER, REFERENCE PLANE CHARACTERISTIC SCHEME WITH THE VISCOUS TERMS TREATED AL SOURCE
FUNCTIONS. THE FLUID IS ASSUMED 70 BE A PERFECT GAS. THE STEADY-STATE SOLUTION IS OBTAINED AS
THE ASYMPTOTIC SOLUTION FOR LARGE TIME, THE FLOW BOUNDARIES MAY BE ARBITRARY CURVED SOLID WALLS
AS WELL AS UET ENVELOPES., THE GEOMETRY MAY CONSIST OF SINGLE AND DUAL FLOWING STREANMS. TURBULENCE
EFFECTS ARE MODELED WITH EITHER A MIXING-LENGTH, A TURBULENCE ENERGY EQUATION, OR A TURBULENCE
ENERGY-DISSIPATION RATE EQUATIONS MODEL. THIS PROGRAM ALLOWS VARIABLE GRID SPACING AND INCLUDES
OPTIONS TO SPEED UP THE CALCULATION FOR HIGH REYNOLDS NUMBER FLOWS.

JOB TITLE -

VNAP2 CASE 1 - SUBSONIC CONSTANT AREA-SUPERSONIC SOURCE F'.OW

CONTROL PARAMETERS -

LMAX=21 MMAX=11 NMAX=®= 500 NPRINT= O NPLOT= SO0 FDT= .90 FDT!=1.00 FDTI= .90 1PUNCH=0
IUI=1 1UO=1 IVPTS=1 NCONVI= 1{ TSTOP= ,10E+03 N1D= O TCONV=0.000 NASM= 1t IUNIT=1
RSTAR= 0.000000 RSTARS™ 0.0000000 PLOW= 0100 ROLOW= .000100 VDT= .25 VOT1= .25

FLUID MODEL -

THE RATIC OF SPECIFIC HEATS, GAMMA =1,4000 AND THE GAS CONSTANT, R = .0100 (FT-LBF/LBM-R)

FLOW GEOMETRY -

TWO-DIMENSIONAL, PLANAR FLOW HAS BEEN SPECIFIED

DUCT GEOMETRY -

A CONSTANT AREA DUCT HAS BEEN SPECIFIED BY XI= 0.0000 (IN), RI+ 2.1547 (IN), AND XE= 4.0000 (IN)

Fig. 28.
Case No. 1 output,




LS

DUAL FLOW SPACF BOUNDARY GEOMETRY -

GENERAL BOUNDARIES HAVE BEEN SPECIFIED BY THE FOLLOWING PARAMETERS,

L

QRNONDWN -

XP(IN)

0.0000
.2000
.4000
. 6000
.8000

1.0000

1.2000

1.4000

1.6000

1.8000

2.0000

2.2000

2.4000

2.6000

2.8000

3

3

3

YL(IN)

- b s s ah —h b b wa wa h

. 5000
.8577
.6155
.6732
.7309
.7887
.8464
.9041
.9619
.0196
.0774
. 1351
. 1928
.2506
.33
.3660
.4238
.4815
.5392
.5970
.6547

Fig. 25, (cont)

SLOPEL

.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.28A7
.2887
.2887
. 2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887

Yu(in)

1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547
1.6547

SLOPEU

©000000000000000
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BOUNDARY CONDITIONS -

M PT(PSIA) TT(R) THETA(DEG) PE(PSIA) FSQ(FT2/52) FSE(FT2/53)
1 213.5140 124.20 0.00 180.00000 .0001 ]
2 213.5140 124.20 0.00 180.00000 .0001 A
3 213.5140 124,20 0.00 180.00000 .0001 1
4 213.5140 124.20 0.00 180.00000 .0001 o
5 213.5140 124.20 0.00 180. 00000 .0001 .1
6 213.5140 124.20 0.00 180. 00000 .0001 A
6 213.5140 124.20 0.00 180. 00000 .0001 .1
7 213.5140 124.20 0.00 180. 00000 .0001 1
8 213.5140 124.20 0.00 180. 00000 .0001 ]
9 213.5140 124,20 0.00 180. 00000 .0001 .
10 213.5140 124.20 0.00 180, 00000 .0001 .1

11 213.5140 124.20 0.00 180.00000 .0001 .
IINLET=0 IEXITT=0 I€X=1 ISUPER=2 DYWs .0010 IVBC=0 INBC*O IWALL*O IWALLO=0 ALI=0.00 ALE=0.00

ALW=0.00 NSTAG*O0 NPE= O PEI=  0.00000

FREE-SLIP WALLS ARE SPECIFIED

ADIABATIC UPPER WALL IS SPECIFIED

ADIABATIC LOWER DUAL FLOW SPACE BOINDARY 1S SPECIFIED

ADIABATIC UPPER DUAL FLOW SPACE BOUNDARY 1S SPECIFIED

ARTIFICAL VISCOSITY -
CAV=0.00 XMU= .40 XLA=1.00 PRA= .70 XRO* .60 LSS=* LSF=999  1DIVC*0 1SS=0 SMACH=0.00
NST= O SMP=1.00 SMPF=1.00 SMPT=1.00 SMPTF=1.00 NTST= 1 [AVsQ MSS= 9 MSF =999
MOLECULAR VISCOSITY -
CMU=0. (LBF-S/FT2) CLA= O. (LBF-S/F12) CK=0. (LBF/S-R) EMU=0.00 ELA=0.00 £K=0.00

TURBULENCE MODEL -

NO MODEL IS SPECIFIED

VARIABLE GRID PARAMETERS -

IST=0 MVCB= O MVCT= O 10S=0 NIQSS=2 NIQSF=0 NVCMI= O ILLQS=30 sSQs= .S0 CQsS= .001

seses EXPECT FILM OUTPUT FOR N= O sesee
Ne 10, T= -67G77118 SECONDS, DT= .06533031 SECONDS, NVCM = 1, CNUMS = 1.00. { S, 2). ( O. 0)
Ne - 20, T+ 1.30994032 SECONDS, ODT» .06310698 SECONDS, NVCM = 1, CNUMS = 1.00. ( 4. 2). ( O. 0)
N= 30, T= 1.92866943 SECONDS, DT~ .06108173 SECONDS, NVCM = 1, CNUMS = 1.00, ( 7. 2). ( 0. 0)
N= 40, T= 2.52996808 SECONDS, DT= ,05947900 SECONDS, NVCM = 1, CNUMS = 1.00, ( 9. 2). ( 0, 0)
N= 50, T= 3.11792749 SECONDS, OT= .05828222 SECONDS. NVCH » 1, CNUMS = 1.00. (12, 2), (0. 0)
N= €0, T= 3.69420884 SECONDS. DT> .05712885 SECONDS, NVCM = f, CNUMS = 1.00. (16. 2), (o0, 0)
N= 70, T= 4.25870480 SECONDS, OT= ,05587706 SECONDS, NVCM = t, CNUMS = 1.00. (19. 2). ( 0, 0)
N= 80, T= 4.82666822 SECONDS, DT= .05753545 SECONDS, NVCM = 1, CNUMS = 1.00. (20. 2). ( O. O)

Fig. 25. (cont)
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150,
160,
170,

460,

480,
490,
500,

T=
T=
Ts=
K
T=
Te
T=
Te
Te
T»
T=
T=
T=
T=
Te
T=
T=
T=
T=
Tw
Tw
Tw
T=
T=
T=
T
Te
T»
Tw
Ts=
Ts=
Ta
T=
T=
Ts
T=
Ts=
Te
Ts
T
Ts
Ts

Z00umewuavn

-

- et b s s
(3,00 N AN SN N1

16

21
22

26

.40287119
.97323303
.55370146
.12915448
.704608%0
.28006455
.85551982
.43097477
.00642973
.58188469
.15733965
.73279462
.30824958
.88370455
.45915951
.03461448
.61006944
. 18552440
15.
16.

76097937
33643433

.91188930
17.
.06279923
18,
19,
19.
20.
20.

48734426

63825419
213709315
78916412
36461908
94007405

.51552901¢
.09098398
22,
23.
23.
24,
24,
25,
26.
.69462369
27.
27.
28.
28,

66643£94
24189390
81734887
39280383
96325880
54371376
11916873

27007865
84553362
42098858
99644355

SECONDS,
SECONDS

SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONOS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONOS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,

OT=
(o] &)
DT=
oT=
DT=
DT=
DT=
OTe
OT=
OT=
OT=
DT=
DT=
OT=
OT=
OT=
DT=
OT=
OTs=
OTe.
DT=
DT=
OT=
OT=
DTe-
OTs=
OTs=
OT=
DT=
oT=
DT»
OT=
OT=
DT=
DT=
OT=
OT=
OTe
DTe.
DT=
DT=
OT=

SECONDS,
SECONDS ,
SECONDS,
SECONDS,
SECONDS,
SECONOS,
SECONDS,
SECONDS,
SECCNDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECNNDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONOS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS .,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONOS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONODS,
SECONDS,
SECONDS,
SECONDS,

25. (comy

NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM

® @ & e ¢ 4 ® 8 8 ¢ w 2 e & & & e e e & ® & e @ & e 6 & = @ s e e ® 6 6 4 & 6 @ e a

- h b b A b e o A uh o b b v b it b mh b A e b b h b b b b mh b —h b b o b d b v = b =

CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUNMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUMS
CNUNMS
CNUMS
CNUMS

88883888258328888388828833338333833233838283383

(20,
(20,

(20,
(20,

(20,
(20,
(20,
(20,
(20,
(20,
(20,

CO0O0QCO0000LCOO000O0OO00

9pPoo00

LT Y e Y X N N ettt et late il lata et le tatela et tatatate]

CO00O000Q0OOOOOO0OO0
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MASS FLOW AND THRUST CALCULATION, Ns 500

L

CONOVEWN -

MF{LBM/S)

112.31686
113.59665
“14.00741
114.20202
114.31913
114,.40858
114.46970
114.51786
114.56452
114.59610
114.62785
114.54820
114.66477
114.68457
114.69615
114.70792
114.71788
114.73392
114.71499
114.89094
114.86489

MF /MF I

1.0000
1.0114
1.0151
1.0168
1.0178
1.0186
1.0192
1.0196
1.0200
1.0203
1.0206
1.0208
1.0209
1.0211
1.0212
1.0213
1.0214
1.0215
1.0214
1.0229
1.0227

Tig. 25. (cont)

T(LBF)

116.3781
131.6404
140.5393
146.8395
151.70S5
155.6649
158.9635
161.7840
164.2508
166.4034
163.3425
170.0656
171.6242
173.0564
174.3582
175.5579
176.67%9
177.7096
178.6491
179.9148
180.7273

T/71

1.0000
1.1311
1.2076
1.2617
1.3036
1.3376
1.3659
1.3902
1.4114
1.4299
1.4465
1.4613
1.4747
1.4870
1.4982
1.5085
1.5181
1.5270
1.5351
1.5460
1.5529
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SOLUTION SURFACE NO. 500 -~ TIME =

L M X
({IN)

. 0000

~“QUDUNODNAUN =
900000000000

- -

«cQUVANOION BWN =
g

- e

“«QUVONARUAWN -
.g

-

2OV NNATNAAN =
g

28.99644355 SECONDS (DELTA T =
Y u v
(IN) (F/s) (F/S)
0.0000 1.3018 0.0000
. 1000 1.3092 .0756
2000 1.3276 . 1533
. 3000 1.2494 .2337
4000 1.3701 .3164
.5000 1.3877 . 4006
1.6547 , 6441 0.0000
1.7%47 .6441 0.0000
1.8547 .6441 0.0000
1.9547 .6241 0.0000
2.0547 .6441 0.0000
2.1547 6441 0.0000
0. 0C00 1.5437 0.0000
L1 1.5460 L0931
2231 1.5485 . 1857
3346 1.5515 .2765
4462 1.5540 L3651
5577 1.5492 L4472
1.6547 G441 0.0000
1.7547 644 ¢ . 0000
1.8547 6441 -.0000
1.9547 6441 . 0000
2.0547 64414 - .0000
2, 1547 6441 0.0000
0.0000 1.6850 0.0000
. 1231 1.6841 . 1023
. 2462 1.6807 .2019
3693 1.67%6 .2990
4924 1.6689 .3913
6155 1.6572 .4784
1.6547 .6441 0.0000
1.7547 6441 - .0000
1.8547 6441 -.0000
1.9547 6441 . 0000
2.0547 6441 . 0000
2.1547 6441 0.0000
0.0000 1.7836 0.0000
. 1346 1.7814 . 1065
2693 1.7752 .2108
4039 1.7657 .3123
5386 1.7544 .4090
6732 1.7390 .5020
1.6547 6441 0.0000
1.7547 .644 | - .0000
1.8547 6441 . 0000
1.9547 6441 . G000
2.0547 .6441 -.0000
2.1547 6441 0.0000
0.0000 1.8584 0.0000

Fig. 28. (cont)

.0575455C.

P
(i*s1a)

100. 00000
88.71520
95.47170
91.22000
86.53000
81.72730
179.92863
179.92863
179.92863
179.92863
179.92863
179.92863

70.4240C
69.84010
69.51261
66.53859
64. 12068
62.00111
179.92401
179.92401
179.92401¢
179.9240t
179.92401
179.92401

54.68094
54.44593
53.77164
$2.69850
51.31118
49.91357
179.92725
179.9272%
179.92725
179.92725
179.92725
179.9272%

44.63367
44.53166
44.14704
43.51038
42.57997
41.49522
179.93296
179.93296
179.93296
179.93296
179.93296
179.93296

37.61577

NVCM = 1,

RHO
(LBM/FT3)

100 . 000000
99.080500
96.744100
93.645000
90. 180000
86.577500
152. 129942
152. 129942
152.129942
152. 129942
152. 129942
152. 129942

77.366711
76.921446
75.925220
74.403717
72.501138
70.846121
152.12715%
152, 127155
152.127155
152.127185
152.12715%
152,127155

64.419078
64.240050
63.725641
62.868180
61.731773
60.590319
12.129108
152. 129108
152. 129108
152. 129108
152.129108

55.651536
55.579614
55.288347
54.770628
53 982336
53.054077
152. 132558
152. 132558
152, 1325%8
152. 132558
152.132558
152. 132558

49.212201

CNUMS =

VMAG
(F/S)

1.3015
1.3114
1.3364
1.3695
1.4062
1.4444
L6441
.6441
.6441

6441

1.00,

(20, 2),

MACH
NO

1.1000
1.1104
1.1370
1.1727
1.2132
1.2564
. 5006
.5006
.5006
.5006

1.5575
1.5712
1.5891
1.6061
.5006
. 5006
. 5006
. 5006

1.6850
1.6908
1.7002
1.7143
1.7297
.5005
.500%
. 5008
.5005

(0. 0N

T
(R)

100.0000
99.6313
98.6848
97.4104
95.9525
94,3979

118.2730

118.2730

118.2730

118.2730

118.2730

118.2730

91.0262
90.7941
90.2370
89.4291
88.4409
87.5152
118.2721
118.2721
118.2721
118.27214
118.27219
118.2721¢

84.8831
84.7539
84.3799
83.8238
83.1196
82.3788
118.2727
118.2727
118.2727
118.2727
118.2727
118.2727

80.2020
80.1223
79.8487
79.4411
78.8776
78.2131
118.2738
118.27238
118.2738
118.2738
118.2738
118.2738

76.43%9
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SOLUTION SURFACE NO.

L3S IS NS R T S I G )

-

M

~QUWONwNOOUrTaAWN

500 - TIME =

X
(IN)

.8000
.8000
. 8000
.BO00
. 8000
.8000
.8000
. 8000
.8000
.8000
.8000

28.99644355 SECONDS (DELTA T =

Y
(IN)

. 1462
.2924
. 4385
. %5847
.7309
1.6547
1.7547
1.8547
1.9547
2.0547
2.1547

u
(F/S)

1
'
1
1
1

.8556
.8481
.8"Ra
.8226
.8047
.6440
.6440
.6440
.6440
.6440
.6440

v
(F/S)

. 1090
.2165
L3215
.4228
.5210
0.0000

.05754550,

P
(PSIA)

37.56076
37.3C861
36.A73%8
36. 16039
35.25577
179.94062
179.94062
179.94062
179.94062
179.94062
179.94062

NVCM « 1,

RHO
(LBM/FT3)

49, 178536
48.990486
48.631677
43.005901
47.196082
152.137183
152.137182
152.137183
152. 137183
152.137183
152. 137183

CNUMS = 1,00,

VMAG
(F/s)

1.8588
1.8607
1.8842
1.8710
1.8784
.6440
.6440
.6440
.6440
.G440

(20, 2).,

MACH
NO

1.7976
1.8020
1.8093
1.8220
1.8368
*.5005
. 5005
. 5005
. 5008
.5005

0))
T
(R)

76.3763
76.1548
75.8221
75.3249
74.7006
118.2752
118.2752
118.2752
118.2752

118.2752
118.2752

- -

“QUVBINOAONNAWUN -

0.0000
. 1577
.3155
.4732
.6310
.7887

1.6547
1.7547

1.8547
1.9547

2.0547

2.1547

32.42246
32.37947
32.18301
31.83592
31.23841
30.45887
179.94731
179.94731
179.94731
179.94731
179.94731
179.94721

44.234596
44.209019
44.061170
43.767295
43.223165
42.495530
152. 141222
152. 141222
152. 141222
152.141222
152.141222
152.141222

1.9197
1.9226
1.928%
1.9351
.6440
.6440
.6440
.6440
.6440

73.2966
73.2418
73.0417
72.7391¢
72.2724
71.6755
118.2765
118.276%
118.2763
118.2765
118.2765
118.2765

-

«QUVBNODNAEWN -

. 1693
. 3386
.5078
.6771
.8464
1.6547
1.7547
1.8547
1.9547
2.0547
2.1547

28.41421
28.36953
28.19273
27.88247
27.35629
26.67300
179.94594
179.94594
179.94594
179.94594
179.384594

179.94594

40.241246
40.210997
40.072029
39.738801
39.301382
38.638731
152. 140394
152, 140324
152. 140394
152. 140394
152. 140394
152. 142394

1.9772
1.9833
.6440
.6440
.6440
.6440
.6440

1.9840
1.9908
2.0029
2.0174
-5004
.5004
.5004
. 5004
.5004

70.6097
70.5517
70.3551
70.0586
69.6064
69.0318
118.2762
118.2762
118.2762
118.2762
118.2762
118.2762

- -

= OUVOAONOAOAUAIEWN =

25.2198%5
25.16963
24.998772
24.,70364
24.22841
23.62296
179.94038
179.94038
179.94038
179.94038
179.94038
179.94038

36.945647
36.906817
36.763487
36.492815
36.027167
35.419115%
152.137043
152.137043
152.137043
152.137043
152. 137043
152,137043

2.0557
2.057¢
2.0614
2.0687
2.0809
2.0954
.5004
. 5004
. 5004
.5004

68.2670
€68.1978
67.9960
67.6945
67.2504
66.6955
1168.2752
118.2752
118.2752
118.2752
118.2752
118.2752

Fig. 25. (cont)

22.61059
22.55543

34.16635%58
J34.119462

2.1274

66.1779
€66. 1072
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SOLUTION SURFACE NO. 500 - TIME =

Y
(IN)

.3848
5771
. 7695
.9619
1.6547
1.7547
1.8547
1.9547
2.0547
2.1547

v
(F/S)

2.0348
2.0210
2.0034
1.9801
.6440
.6440
.6440
.6440
.6440
.6440

28.99644355 SECONDS (DELTA T =

v
(F/S)

.2321
.3476
.4613
.5716

.05754550,

P
(PSIA)

22.38412
22.09955
21.66517
21.12425
179.93258
179.93258
179.9325A
179.93258
179.93258
179.923258

NVCM = ¢,

RHO
(LBM/FT3)

33.968206
33.694880
A3.254731
32.693800
152. 132332
162. 132332
152.132332
152.132332
152. 132332
152.132332

CNUMS =

VMAG
(F/S)

2.0480
2.0507
2.0558
2.0610
.6440
.6440
.6440
.6440
.6440
.6440

1.00,

(20, 2),

MACH
NO

2.1322
2.1401
2.1526
2.1670
.5005
. 5005
.5005
.5005
.5005
.5005

(o. 0N

T

(R)
€5.8973
65.5873
65. 1491
64.6124
118.2737
118.2737
118.2737
118.2737
118.2737
118.2737

20.43660
20.37869
20.20832
'%.93247
19.53324
19.04665
179.92792
179.92792
179.927¢2
179.92792
179.92792
179.92792

31.781310
31.728703
31.570578
31.2951€6
30.877874
30.358132
152. 129500
152.129500
152. 129500
152. 129500
152, 129500
152, 129500

2.0783
2.0789
2.0804
2.0832
2.0881
2.0929
.6440
.6440
.6440
.6440
.6440
.6440

2.1924
2.1976
2.2061
2.2189
2.2332
.S005
.5005
.S005
. 5005
.S005
. 5005

64.3038
64,2279
€4.0100
63.6918
63.2597
62.73¢98
118.2729
118.2729
118.2729
t18.2729
118.2729
118.2729

16.59719
18.53893
18.37146
18. 10560
17.73778
17.29735
179.92841
179.92841
179.92841
179.92841
179.92841
179.92841

29.707043
29.651430
29.489336
29.214569
28.818925
28.335426
152.129794
152.129794
152. 129794
152.129794
152.129794
152, 129794

2.1071
2.1077
2.1093
2.1122
2.1169
2.1214
.6440
.6440
.6440
.6440
.6440
. 6440

¢2.6019
62.5228
62.2987
61.9746
61.5491
61.0450
118.2730
118.2730
118.2730
118.2730
118.2730
118.2730

2.1330
2.1303
2.1215
2.1072
2.0881
2.0628
.6440
.6440
.6440
.6440
.6440
.6440

17.02108
16.96446
16.80203
. 16.54782
16.20857
15.80773
179.93270
179.93270
179.93270
179.93270
179.93270
179.93270

27.883243
27.827205
27.664177
27.39322¢
27.018521
26.567110
152. 132432
152.132433
152.132433
152.132433
152, 132433
152. 132432

2.1330
2.1337
2.1353
2.1382
2.1428
2. 1470
.6440
. 6440
.6440
.6440
.6440
.6440

2.3073
2.3096
2.3157
2.3251
2.3382
2.3524

.5004

.5004

.5004

61.0441
60.9636
60.7357
60.4084
59.9906
59.5011
118.2737
118.2737
118.2737
118.2737
118.2737
118.2737

L L] X
(IN)
9 3 1.6000
9 4 1.6000
9 ] 1.6000
9 6 1.6000
9 6 1.6000
9 7 1.6000
9 8 1.6000
9 9 1.6000
9 10 1.6000
9 11 1.6000
10 1 1.8000
10 2 1.8000
10 3 1.8000
10 4 1.8000
10 5 1.8000
10 6 1.8000
10 6 1.8000
10 7 1.8000
10 8 1.8000
10 9 1.5000
10 10 1.8000
10 11 1.8000
11 1 2.0000
11 2 2.0000
11 k<] 2.0000
11 4 %.0000
1t 5 2.0000
1 6 2.0000
11 6 2.0000
1 7 2.0000
11 8 2.0000
11 9 2.0000
1" 10 2.0000
11 11 2.0000
12 1 2.2000
12 2 2.2000
12 3 2.2000
1? 4 2.2000
12 S 2.2000
12 6 2.2000
12 6 2.2000
12 7 2.2000
12 8 2.2000
12 9 2.2000
12 10 2.2000
12 1t 2.2000
13 1 2.4000
13 2 2.4000
13 3 2.4000

0.0000
. 1233
.2458

Fig. 25. (cont)

15.G65648
15.60287
15.4472{

26.265270
26.210640
26.049531

59.6091
59.5288
5$9.2995
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SOLUTION SURFACE NO.

M

~0woNOTO UL A

- -

~Q0VBNOOMEWN =

-

- -

500 - TIME = 28.59644355 SECONDS (DELTA T =

[SESESESENIANSN NS

“
(IN)
4000

. 4000
.4000
. 4000
. 4000
. 4000
. 4000
. 4000

\]
(IN)

.7157

.9542
1.1928
1.6547
1.7547
1.08547
1.9547
2.0547
2.1547

0.0000
.2%501
.5002
. 7504

1.0005

1.2506

1.6547

1.7547

1.8547

1.9547

2.0547

2.1547

t.0928
1.3660
1.6547
1.7547
1.8547
1.9547
2.0547
2.1547

U
(F/S)

2.1304
2.11C8
2.0850
.6439
.6439
.6439
.6439
.6439
.6439

v
(F/S)

.3674
.4868
.6019

.05754550,

p
(PSIA)

15.20602
14.89292
14.52626
179.93859
179.93859
179.93459
179.93859
179.93859
179.93859

NVCH = 1,

RHO
(LBM/FTJ)

25.285211
25.430803
25.007882
152.135984
152. 135984
152, 1359A4
152. 135984
152.135984
152.135984

CNUMS =

VMAG
(F/S)

2.1618
2.1662
2.1702
.6439
.6439
.6439
.6439
.6439

1.00,

(20, 2),

MACH
NO

2.3792
2.3924
2.4065

(o. 0N

T
(R)

58.9719
58.5625
$8.0867
118.2748
118.2748
118.27438
118.2748
118.2748
118.2748

2.1859
2.1708
2.15CS
2.1228
.6439
.6439
.6439
.6439
.6439

Fig. 25. (cont)

14,46522
14.4154%
14.26784
14.04046
13.75138
13.41446
179.9440%
179.94405
179.94405
179.94405
179.94405
179.94405

13.41706
13.37150
13.232857
13.01938
12.75228
12.44127
179.9486%8
179.9486S
179.94865
179.948¢CS
179.94865
179.94865

12.48999
12.44870
12.31873
12.11967
11.87278
11.58481
179.95352
179.95352
179.953%52
172.953%52
179.95352
179.95352

11.66280
11.62563
11.50454
11.31923

24.819942
24.768017
24.611024
24.355569
24.020806
23.623374
152.13920%
152. 139205
152.139205%
152.139205
152.139205
152. 139205

23.52005%7
23.471611
23.320296
23.075264
22.759286
22.304540
152, 142000
152. 142000
152. 142000
152. 142000
152. 142000
152. 142000

22.346238
22.301650
22.157049
21.923448
21.625516
21.271525
152. 145039
152. 145039
152. 145039
152, 145039
152. 145039
152. 145039

21.277714
21.237063
21.099725
20.878028

2.2031
2.2071
2.210%
.6439
.6439
.6439
.6439
.6439

$8.2807
€8.2019
57.9734
57.6478
57.2478
56.7847
118.2759
118.27%9
118.2759
118.2759
118.2759
118.2759
57.0452
56.9688
$6.7427
56.4214
56.031t:
5%.5798
1:18.2768
118.2768
118.2768
118 2768
118.2768
118.2768

$5.8930
55.8196
55.5973
55.2818
54.9017
54.4616
118.2776
118.2776
118.2776
118.2776
118.2776
118.2776

54.8123
54.7422
54.5246
54.2160
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SOLUITTON SURFACE NO.

-
(=)
- -

©

N
o

500 -

[REREANANRNANANR]

X
(IN)

. 2000
. 2000
. 2000
.2000
. 2000
. 2000
. 2000
. 2000

.8000Q
.8000
. 8000
. 8000
.8000
. 8000
. 8000
. BOOO

. 0000
. 0000

OO0

. 0000

(O R

28.99644355 SECONDS (DELTA T =

Y
(IN)

. 1390
.4238
.6547
. 1547
.8547
.9547
. 0547
. 1547

u
(F/S)

2.
2.1567

.6438
.6438
.6438
.6438
.6438

1841

v
(F/S)

.5049
.6226
0.0000

.05754550,

P
(PSIA)

11.09056

10.82254
179.96004
179.960N4
175.96004
179.96004
179.96004
179.96004

10.92756
10.89422
10.78171
10.60953
10.39790
10. 14847
179.96894
179.96894
179.96894
179.96894
179.96894
179.9(894

10.25387
10.22406
10. 11976

9.96008

9.76366

9.52893
179.97978
179.97978
179.97978
179.97978
179.97978
179.97978

NVCM = 1

RHO
(LBM/FT3)

20.596966
20.260958
152. 148947
152. 148947
152. 148947
152. 148947
152. 148947
152, 148947

20.309865
20.273038
20.143218
19.933551
19.668722
19.350539
152. 154211
152. 154211
152.154211
152.1542114
152. 154211
152. 154211

19.407756
19.374567
19.252252
19.054503
18.004465
18.499550
152. 160790
152. 160790
152.160790
152. 160790
152. 160799
152. 160790

CNUMS =

VMAG
(F/S)

2.2417
2.2448
.€438
.6438
.6438
.6438
.6438
.6438

1.00.

(20, 2).

MACH
NO

2.%819
2.5959
.5003
.5003
.5003
.5003
.5003
.5003

(0. 0))

T
(R)

53.8461

$3.4158
118.2789
118.2789
118.2789
1156.2789
118.2789
118.2789

$3.8042
$3.7375
53.5253
$3.2245
52.8652
52.4454
118.2806
118.2806
118.28C6
118.2806
118.2806
118.2806

$2.8339
52.7705
52.5640
52.2716
$1.9220
51.5090
118.72826
113.2826
118.7826
118.2826
118.2826
118.2826

Fig. 25. (cont)

9.69812
9.67116
9.57404
9.42515
9.24183
9.01826
179.99068
179.99068
179.99068
179.99068
179.99068
179.99068

9.14238
9.11825
9.02832
8.89021
B.71999

18.639909
18.609777
18.494487
18.307660
18.071130
17.776265
152.167457
152. 167457
152.167457
152.167457
152. 167457
152.167457

17.872062
17.844986
17.736723
17.560817
17.3371799

2.2785
2.2788
2.2799
2.2820
2.2850
2.2876
.6437
.6437
.6437
.6437

2.2953
2.2982

52.0288
$1.9681
51.7670
51.4820
St1.1414
50.7320
118.2846
118.2846
118.2846
118.2846
118.284¢€
118 2846

51.1546
$1.0970
50.9018
50.6253
%0 . 29047
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SOLUTION SURFACE NO. 500 -

L M

21
21
21
21
21
21 1
219 1

~COoBNOO
Abbdadbh

seeve EXPECT FILM OUTPUT

28.99644355 SECONDS (DELTA T =

TIME =
X Y

(IN) (IN)
.0000 1.6547
. 0000 1.6547
. 0000 1.7547
.0G00 1.8547
.0000 1.9547
. 0000 2.0547
.0000 2.1547
FUR M= 500 wsvren

u
(F/5)

2.2104
.6436
.6436
.6436
6446
. 6436
. 6436

v
(F/S)

.6381
0.0000
. 0000
.0000
. 0000
. 0000
0.0000

Fig. 25. (cont}

.05754550,

p
(PSIA)

8.50758
180. 00000
180. 00000
180.0C000
180.0C000
180.0L000
180. 00000

NVCM = 1,

RHO
(LBM/FT3J)

17.052979
152. 173097
152.173097
152. 173097
152. 173097
152.173097
152.173097

CNUMS =

VMAG
(F/S)

2.3007
.6436
.6436
.6436
.6436
.6430
.6436

1.00,

(20, 2),

NACH
NO

2.7529
.5002
.5002
. 5002
-5002
.5002
.5002

( 0. 0))

T
(R)

49.
118.
118,
118,
18,
.2863
118.

18

8891t
2863
2863
2863
2863

2863



Fig. 26.
Cuse No. 2 geometry.

VNAP2 CASE 2 - SUPERSONIC SC 'RCE-SUBSONIC CONSTANT AREA FLCW

SCNTRL LMAX=21 MMAX=11 NMAX=500,NPLOT=500,IUNIT=1,RGAS=0.01,
TSTOP=100.0 H

$1VS N1D=0,
U(r1,1,1)x210.67,U(1,2,1)=21<0.67,U(1,3,1)=221+0.67,U(1,2,1)=21+0.67,
U(1,5,1)#21¢0.67,UL=21¢0,67,U(1,6,1)=2211.39,U(1,7,1)221+1.39,
Ug1,8,1)=21¢1.39,U(1,9,1)=21+1.,39,U(3,10,1)=211.39,U(1,11,1)=21+1.39,
V(1,1,1)221¢0.0,V(1,2,1)221+0.0,V(1,3,1)7210.0,V(1,4,1)=21¢0.0,
V(1,5,1)=2140.0,VL=21¢0.0,V(1.6,1)2210.4 V(3,7,1)=21¢0.4,
V(1,8,1)22120.4,V(1,9,1)=21¢0.4,V(1,10,1)=221+0.4,V(1,11,1)=221+0.4,
P(1,1,1)221+180.0,P(1,2,1)=21+180.0.P(1,3,1)=21+180.0,P(1,4,1)=21+180.0,
P(1,5,1)2212180.0,PL21+180.0,P(1,6.1)=2181.7,P(1,7,1)=21+81.7,
P(1,8.1)=221+81.7,P(1,9,1)=21¢81.7,P(1,10,1)=21¢81.7.P(1,11,1)=21+81.7,
RO(1,1,1)=21+150.0.R0(1,2,1)=21+150.0,R0(1,3,1)321+150.0,R0(1,.4,1)221+150.0,
RO(1,5,1)=21+150.0.ROL=21¢150.0,R0(1,6,1)=21+86.6,R0(1,7,1)=21+86.€,
RO(1,8,1)=21+86.6,R0(1,9,1)=21+86.6,R0(1,10,1)221+86.6,
RO(1,11,1)=21¢86.6 $

$GEMTRY NDIM:=0,NGEOM=4,X120.0,.XE=4.0,
YW=1.0,1.1155,1.2309,1.3464,1.4619,1.5773,1.6928,1.8083,1.9238,2.0392,
2.1547,2.2702,2.3856,2.5C11,2.6166,2.7321,2.8475,2.9630,3.0785,3.1939,
3.3094,

NXNY=21+-0.57735 $

$GCBL H

s8C ISUPER=3,PT=213.514,71T7T=124.2,PE=180.0,
UI(6)=1.3877,1.4010,1.4099,1.4142,1.4143,1.41032,
V1(6)=0.4006,0.4853,0.5698,0.6532,0.7349,0.81425,
P1(6)=81.7273,76.9763,72.3470,.67.9110,63.7063,59.7460,
ROI(6)=86.5775,82.9519,79.3570.75.8503,72.4653.63.2182 1

SAVL H

$RVL s

$TURBL s

$OFSL NDFS=2,LDFSS=1,LOFSF=21 MDFS36,

YL=21+0.5.

NXNYL=212-0.0,
YU=0.5.0.5577,0.6155,0.6732.0.7309,0.7887.0.8464,0.9041,.0.9619, 1.0196,
1.0774,1.1351,1.1928,1.2506,1.3083,1.3660,1.4238,1.4815,1.5392,1.5970,
1.6547,

NXNYU=21+-0.28868 H

$vCL

Fig. 27.
Case No. 2 data deck.
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VNAP2, A COMPUTER PROGRAM FOR THE COMPUTATION OF TWO-DIMENSIONAL, TIME-DEPENDENT, COMPRESSIBLE, TURBULENT FLOW

BY MICHAEL C. CLINE, T-3 - LOS ALAMCS NATIONAL LABORATORY

PROGRAM ABSTRACT -

. THE NAVIER-STOKES EQUATIONS FOR TWO-DIMENSIONAL, TIME-DEPENDENT FLOW ARE SOLVED USING THE
SECOND-ORDER, MACCORMACK FINITE-DIFFERENCE SCHEME, /LL BOUNDARY CUNDITIONS ARE COMPUTED USING

A SECOND-ORDER, REFERENCE PLANE CHARACTERISTIC SCHEME WITH [HE VISCOUS TERMS TREATED AS SOURCE
FUNCTIONS. THE FLUID IS ASSUMED TO BE A PIRFECT GAS. THE STEADY-STATE SOLUTION IS OBTAIMED AS
THE ASYMPTOTIC SOLUTION FOR LARGE TIME. THE FLOW BOUNDARIES MAY BE ARBITRARY CURVED SJOLID WALLS
AS WELL AS JUET ENVELOPES. THE GLOMETRY MAY CONSJST CF SINGLE AND DUAL FLOWING STREAMS. TURBULENCE
EFFECTS ARE MODELED WITH FITHCR A MIXING-LENGTH, A TURBULENCE ENERGY EQUATION, OR A TURBULENCE
ENERGY-DISSIPATION RATE ECUATIONS MODEL. THIS PROGRAM ALLOWS VARIABLE GRID SPACING AND INCLUDES
OPTIONS TO SPEED UP THE CALCULATION #0P HIGH REYNOLDS NUMBER FLOWS.

JoB TITLE

VNAP2 CASE 2 - SUPERSONIC SCURCF-SUBSONIC CONSTANT AREA FLOW

CONTROL PARAMETERS -

LMAX=21 $3AX=11 NMAX= SO0 NPRINT= O NPLOT= 500 FOT= .90 FDT1=1.00 FOTI= .90 IPUNCH=0
TUI=t 1UQ=1 IVPTS=1 NCONVI= ¢ TSTOP= . 10E+03 NiD= O TCONV=0.000 NASM=1 IUNIT=t

RSTAN= 0.000000 RSTARS= 0. 00C0000 PLOW= ,01C0 ROLOW= .000100 VvDT= .25 VDT1= .25

FLUID MODEL -

THE RATIO OF SPECIFIC HEATS, GAMMA =1.4000 AND THE GAS CONSTAN1, R = .0100 (FY-LBF/LBM-R)

FLOW GEOMETRY -~ *

TWO-DIMENSIONAL, PLANAR FLOW HAS BEEN SPECIFIED

Fig. 28.
Case No. 2 output.
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DUCT GEOMETRY -

A GENERAL WALL HAS BEEN SPECIFItD BY THE FOLLOWING PARAMETERS, XT=

L

GO NEWN -

XP(IN)

0.0000
.2000
.4000
. 6000
.8000
.0000
.2000
.4000
. 6000
.BOOO
.0000
. 2000
.4000
.6000
.8000
. 0000
.2000
.4000
.6000
.B0O0CO
.0000

BOLUQOWWWWRNRRNN = @ ww-

YW(IN)

. 0000
. 1155
.2309
. 3464
.4619
.5773
.6928
.8083
.9238
.0392
. 1547
.2702
.3856
L5011
.6166
.7321
.8475
.9630
.0785
. 1939
. 3094

WWWRNROVMNMNNRONNNN - ottt da e

SLOPE

.5773
.5773
.5773
.5773
.5773
.5773
.5773
.5773
.5773
.57713
.5773
.57713
.5773
.5773
.5773
.577%
.5740
.5773

..8773

Fig. 28. (cont)

.5773
.9773

0.0000 (IN), RT=

1.0000 (IN},



DUAL FLOW SPACE BOUNDARY GEOMETRY -

GENERAL BOUNDARIES HAVE BEEN SPECIFIED BY THE FOLLOWING PARAMETERS,

t

QO NDOU D WN -

XP(IN)

0.0000
-2000
.4000
. 6000
.8000

1.0000

1.2000

1.4000

1.6000

1.8000

2.0000

2.2000

2.4000

2.6000

2.8000

3.0000

3.2000

3.4000

3.6000

3.80C0

< .0000

YL(IN)

. 5000
.5000
.50C0
. 5000
.5000
. 5000
.5000
.5000
. 5000
. 5000
.5000
. 5000
.5000
. 5000
.5000
. 5000
.5000
.5000
.5000
.5000
.5000

Fig. 28. (cont)

SLOPEL

0.0000
0.0000
0.0000

:

0.0000
0.0000
0.0000
0.0000
0.0000

T

3825348

OCHDO()?(DOF’PF
o
8

:

YU(IN)

.5000
.5577
.6155
.6732
.7309
.7887
.8464
.9041
.9619
1.0196
1.0774
1.1351
1.1928
1.2506
1.3083
1.3660
1.4238
1.4815
1.5392
1.5970
1.6547

SLOPEU

.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
.2887
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BOUNDARY CONDITIONS -

M PY(PSIA) TT(R) THETA(DEG) PE(PSIA) FSQ(FY2/52) FSE(FT2/S3)
1 213.5140 124.20 0.00 180.00000 .0001 .1
2 213.5140 124.20 0.00 180. 00000 .0001 .t
K] 219.%140 124.20 0.00 180, 00000 . 0001 A
a 213,.5140 124,20 0.00 180.00000 .0001 .
5 213.5140 124.29 0.00 180.00000 .0001 A
6 213.5140 124.20 0.00 180.00000 .0001 A
6 213.5140 124,20 0.00 180. 00000 L0001 A
T 213.5140 124.20 0.00 180.0C000 L0001 1
n 212.5140 124,20 0.00 180. 00000 .0001t ]
9 213.%140 124.20 0.00 180. 00000 .0001 .
10 213.5140 124,20 0.00 180. 00000 0001 A
11 213.5140 124.20 0.00 180. 00000 . 0001 .
JINLETeO IEXITT=0 1CX=1? ISUPER=3 DYW= 0010 IVRC*0O INAC=0 IWALL*O IWALLO»O ALI=0.00 ALE*0.00

ALW=0.00 HNSTAG=0 NPE= O PEls 0.00000
FREE-SLIP WALLS ARE SPECIFIED

ADIABATIC UPPER WALL 1S SPECIFIED

ADIABATIC LOWER DUAL FLOW SPACE BOUNDARY 1S SPECIFIED

ADIABATIC UPPER DUAL FLOW SPACE BOUNDARY IS SPECIFIED

ARTIFICAL VISCOSITY -

CAV»0.00 XMmu= .40 XLA*t.00 PRA= .70 XRO= .60 LSS= 1 LSF=999 1DIVC+O 1SS=0 SMACH=0.00
NST= (o] SMP=1.00 SMPF=1.00 SMPT=1.00 SMPTF=1,00 NTST= t IAV=0 MSS= { MSF=999

MOLECULAR VISCOSITY -

CMU=0, (LBF-S/FT2) CLAs O. (LBF-S/FT2) CK=0. (LBF/S-R) EMU=0.00 ELA+0.00 EK=0.00

TURBULENCE MODEL -

NO MODEL IS SPECIFIED

VARIABLE GRID PARAMETERS -

1ST=0 MvVCRle O MVCT= O 10S-0 NIQSS=2 NIQSF =0 NVCMI= O 1LLQS=30 SQS= .80 €QS= .001
essses EXPECT FILM OQUTPUT FOR Ns Q eeven

Ne 10, T= 68420880 SECONDS, OT= .06810572 SECONDS, NVCM = 1, CNUMS = 1.00, ( 2. 7). ( O, O)
N= 20, T= 1.34793476 SECONDS, DT= .06534079 SECONDS, NVCM = 1, CNUMS = 1.00, ( 4. 7). ( O. 0)
Ne 30, Y= 1.98GJ8G46 SECONDS, OTe ,06307091 SECONDS, NVCM = 1, CNUMS = 1,00, ( 6, 7)., ( O. 0)
Ne= 40, T« 2.607365°9 SECONDS, DT~ ,06132799 SECONDS, NVCM = 1, CNUMS = 1.00. ( 9. 7). ( 0. O)
N= 50, Te 3.21411G44 SECONDS, DT« ,06007029 SECONDS, NVCM = 1, CNUMS = 1.00, (12, 7). ( 0. 0)
Ne 60, Te 3.80843898 SECONDS, DT+ .05878989 SECONDS, NVCM = 1, CNUMS = 1.00. (15, 7)., ( O. o)
N= 70, T= 4.39045913 SECONDS, DT= ,05748448 SECONDS, NVCM = 1, CNUMS = 1.00, (18, 7). ( O. O)
N 80, T= 4.973451G7 SECONDS, DT« .05944419 SECONDS, NVCM = 1, CNUMS = 1.00. (20, 7). ( O. O)

Fig. 28. (cont)



L

N=
N=
N=
Ne
N»
N«
N=
Nz
N»
N=
N=
N=
N=
N=
N=
N=
Ns=
N=
N=
N=
N=
N=
N=
N»
N«
N=
N=
N=
N=
N=
N=
N=
N=
N=
Ns
N=
N=
N=
Ne
N=
N=
N»

90,
100,
110,
120,
130,
140,
150,
160,
170,
180,
190,
200,
210,
220,
230,
240,
250,
260,
270,
280,
290,
300,
310,
320,
330,
340,
350,
350,
370,
380,
390.

410,

420,
430,
440,
450,
460,
470,
480,
490,
500,

T=

IT=
T=
Ta=
T=
T=
T=
T=
T=
T=
T=
T=
T=
Ts=
Ts
T»
T=
T=
T=

T=
T=
Te
T=

T=
T=
=
T
T=
T=
Ts
T=
Te
I=
T=
Ts=
Tew
I=
T=
Te

.57260436
. 17059463
.76882330
JA6GT00424
.9069194 19
.56338521
.16157502
.75976429
.35795503
.95614503
-55433%04
. 15252505
.75071507
.34830508
.94709509
.54528510
.1434751 ¢
.74166512
3.33985513
.93804515
.53623516
. 13442517
.73261518
.33080519
.92899520
.52718522
. 12537523
.72356524
.32175525
.91994526
.51813527
.11632528
.71451530
.31270531
5.91089532
-50900533
.10727534
.70546535

30365536

.80184538
.50003539
.09822540

SECONDS,
SECONDS,
SECONDS,
SCCONDS,
SECONDS,
SECONDS,
SECONDS.,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS.
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONVS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,

OT=
DT=
DT~
NTe
DY=
DT=
OT=
OT=
OT=
DT=
DT=
OT=
DT~
OT=
DT=
DT=
OT=
DT =
DT=
DT=
DT=
DT=
DT=
DT=
oT=
DT=
D
OT=
DT=
OT=
oT=
DT=
DT=
DT=
OT=
OT=
DT=
DT=
DT=
DT=
DT =
DY=

SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECOADS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SFCONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,

Fig. 28. (cont)

NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVCM
NVIM
NVCM
NVCM
NVCM
NVCM
NVCHM
NVCM
NVCM
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MASS FLOW AND THRUST CALCULATION, N= 500

t

QTSN EWUN -

MF (LEM/S)

103.
104,

104

104
104

66476
17112

.33358
104,
104.
104,
104,
104,
104.
104,
104.
104.
104.
104,
104,

52396
62213
680939
73904
78580
81792
84414
86594
88962
90506
91802
93230

.94652
.94665
104,
104,
105.
105.

96477
95407
09699
08073

MF/MF 1

.0000
.0049
.0069
.0083
.0092
.0098
.0104
.0108
L0111
.0114
.0116
.0118
.0120
0121
.0122
.0124
.0124
.012%
.0124
.0138
.0137

-k ek ah ah b s b b b b b = et b b b = - b

Fig. 28. (cont)

T(LBF)

108.4936
116.7201
122.2641
126.4869
129.8680
132.6420
135.0156
137.0625
138.8408
140.4132
141.8178
143.0932
144 ,2406
145.2872
146.2559
147.1501
147.9603
148.7347
149.4413
150.3916
151.0062

T/T1

1.0000
1.0758
1.1269
1.1658
1.1970
1.2226
1.2445
1.2633
1.2797
1.2942
1.3072
1.3189
1.3295
1.3391
1.3481
1.3563
1.3638
1.3709
1.3774
1.3862
1.3918



SOLUTION SURFACE NO. SC0 - TIME =

L M X
(IN}

. Q00N

O00Q0CCOO00000

30.09322540 SECONDS (DELTA T =

Y
(1N)

0.0000
. 1000
L2000
L3000
. 4000
. 5000
. 5000
.6000

u
(F/S)

.€340
.6440
. 6440
.6440
.6440
. 6440
.3877
.4010
.4099
.4142
.4143
.4103

(F

cco00co00

v
/5)
.0020

.05981900, NVCM = 1,

p

(PSIA)

179.
179.
179.
179.
179.
179.

67

Q3650
93650
93550
93650
93650
93650

.72730
76.
72.

97630
34700

.91107
. 70630
. 74600

(LBM/FT3)

152.
152.
152.
152.
152.
152.
86.
82.
79.
75.
72,
69,

RHO

134697
134697
134697
134697
134697
134697
577500
951900
357000
850300
465300
218200

CNUMS =

1.00,

VMAG
(F/S)

.6440
. 6440
.6440
.6440
.6440
.6440
.4448
.4827
.5207
.5578
.5938
.628S

-~ QU VOONEWN -
g

-

QU NBWN -
g

- -

152,
152.
152,
152.
152,
152.
69.
67.
65.
62,
60.
58,

139524
139524
139524
139524
139524
139524

921220

677034
350453
925772
424814
310333

152.
152,
152,
152.
152.
152,
59,
S7.
55,
54,
52.
$0.

143681
143681
143681
143681
143681
143681
30774
657919
936316
104554
240680
592252

P o XTI RN -0, I3 BN % I R
g

- -

ig. 28. {=ont)

152,
152,
152.
152,
152.
152,
S1.
50.
49.
47.
46.
44,

152.

143398
143398
143398
143398
143398
143398
712182
391387
034950
596833
115423
719000

141143

(20, 7)., ( 0. 0O))
MACH T
NO (R)
. 5005 118.2745
. 5005 118.2745
.5005 118.2745
.5005 118.2745
. 5005 118.2745
. 5005 118.2745
1.2504 94.3979
1.3008 92.7963
1.3460 91,1665
1.3914 89.5229
1.4367 87.9128
1.4814 86.3154
5005 118.2760
5005 118.2760
5005 118.2760
5005 118.2760
5005 118.2760
.5005 118.2760
1.4706 87.1095
1.5021 85.9161
1.5360 84.6721
1.5722 83.3676
1.6110 82.015%
1.6436 80.8175
.5005 118.2773
.5005 118.2773
5005 118.2773
.5005 118.2773
.5005 118.2773
.5005 118.2773
1.6276 81.7546
1.6538 80.7589
1.6823 79.7224
1.7135 78.6251
1.7462 77.50%0
1.7746 76.4731
500% 118.2772
5005 118.2772
5005 118.2772
5005 118.2772
. 5005 118.2772
. 5005 118.2772
1.7549 77.5034
1.7782 76.6249
1.8036 75.7261
1.8310 74.7820
1.86014 73.8091
1.8868 72.8631
. 5005 118.2765



SL

SOLUYION SURFACE NO.

U rcoan

- -

- -

-

- -

M

= DVONOOANAEWN - « QU NN AWLUN = “CuINOCTTAWN

“CODXDNOAOVABWN -

€00 -

X
CIN)

. 8000
. 8000
.8000
L 8ON0O
. 8000
. 8000
.8000
. 8000
. 8000
. 8000
. 8000

TIME

30.09822540 SECONDS (DELTA T =

Y
(IN)

. 1000
.2000
. 3000
. 4000
. 5000
.7309
L8771
1.0233
1.1695
1.3157

u
(F/S)

.6440
.6440
.6440
.6440
. 6440
.8217
.8016
L7793
.7546
.7289

v
(F/5)

. 0000

.05981900,

p
(PSIA)

179.94718
179.94718
179.94718
179.94718
179.94718
33.98803
32.81371
31.65328
30.44179
29. 18547
27.95671

179.94134
179.94134
179.94134
179.94134
179.94134
179.94134
29.37709
28.40590
27.462€9
26.46292
25.40415
24.34057

179.93970
179.93970
179.93970
179.93970
179.93970
173.93970
25.717387
24.95046
24.15841
23.30152
22.32400
21.45017

179.94230
179.94290
179.94290
179.94290
179.94290
179.94290
22.88582
22.17336
21.48936
20.73441
19.92505
19.09689

NVCM = 1

KHO
(LBM/FT3)

152.141143
152.141143
152.141143
152, 141143
152. 141143
45.937772
44.833210
43.724326
42,.543676
41.297156
40.064681

152.137620
152, 137620
152.137620
152.137620
152.137620
152.137620
41.375081
40.425452
39.489769
38.477828
37.386397
36.276694

152. 136628
152. 136628
152.136G23
152. 136628
152. 136628
152. 136628
37.670133
36.836126
36.023058
35. 124801
34, 144972
33. 134878

152, 138561
152. 138561
152, 138561
152.138561
152.138561
152.130561
34.595375
33.850018
33.125244
32.307548
31.414473
30.488485

CNUMS =

VMAG
(F/S)

.6440
.6440
.6440
.6440
.6440
1.8961
1.2077
1.9205
1.9344
1.9494
1.9627

1.00,

(20, 7),

MACH
NO

.50CS
.5005
. 5005
. 5003
.5005
1.8631
1.8846
1.9077
1.9327
1.9598

¢ 0. 0)

T
(R)

118.2765
118.2765
118.276S
118.2765
118.276%
73.9872
73. 1906
72.3928
71.5542
70.6719

118.2754
113 2754
118.2754
113.2754
118.2754
118.2754
71.0019
70.2574
69.543¢
68.7745
67.9502
67.0970

118.2751
118.2751
118.2751
118.2751
118.2751
118.2751
61.4199
67.7337
67.0637
66.3392
65.55%8

118.2757
118.2757
118.2757
118.2757
118.2757
118.2737
66,1528
65.5047
64.8731
64,1782
63.4264

. 28. (cont)

179.94924

©17%.94924

152. 142382
152. 142382

118.2769
118.2769



9L

SOLUTION SURFACE NO.

L

VOV VOVVWLODD

. 156657
. 156657
. 156657

M

~Q0QdNOOCaAaL

- -

- -

-

500 -

X
(IN)

.6000
. 6000
. 6000
. 6000
. 6000
.6000

6000

. 0000
L0000
. 0000
. OUO0
. 153669
. 153669
. 153669
- 153669
. 153669
. 15366
. 133668
.599550
.064617
.434968
.775252

30.09822540 SLCONDS (DELTA T «

Y
(N

. 5000
1.0774
1.2929
1.5083
1.7238
1.9392
2.1%47

U
(F/s)

.6440
.6440
.6440
.6440
1.9921
1.9657
1.9370
1.9055
1.8725

1.9210

v
(F/S)

Fig. 28. (cont)

.05981900C,

p
(PSIA)

179.94924
179.94924
179.94924
179.94924
20.5218S
19 89505
19.29997
18.61319
17.89087
17.15044

179.95680
179.95680
179.95680
179.95680
179.95680
179.95680
18.55307
17.99419
17.45156
16.83548
16. 18554
15.51887

179.96285
179.96285
179.96285
179.96285
179.96285
179.96285
16.88929
16.38558
15.89210
15.32754
14.73910
14. 13497

179.96793
179.96793
179.96793
179.96793
170.96793
179.96793
15.46617
15.00826
14.55552
14.0354"!
13.49995
12.94929

179.97290
179.97290
179.97290

NVCM =,

(LBM/FT3)

152,
152.
152.
152.

J1
31

RHD

142382
142382
142382
142382

.997014
.321326
30.
. 905045
.083375
.229734
. 146580
. 146960
. 146960
. 146960
. 146960
. 146960
.768318
. 148766
.539665
.831693
.071089
.280284
. 150622
. 150622
. 150622
. 150622
. 150622
. 150622
.832615
.259293
.690556
.024145
. 316975

6€19237

CNUMS =

VMAG
(F/S)

.6440
.6440
.6440
.6440
2.0734
2.0807
2.0890
2.0988

1.00,

(20, 7).

MACH
NO

.5005
. 5005
.5005
.50095
2.1881
2.2C69
2.2259
2.2484
2.2737
2.2988

2.3977

o, o))

T
(R)

118.2769
118.2769
118.2769
118.2769
64,1368
63.5192
62.9151
62.2410
61.5158
€60.7531¢

118.2783
118.2783
118.2783
118.2783
118.2783
118.2783
62.3249
61.7323
61.1485
60.4903
59.7890
59.0514

118.2794
118.2794
118.279¢4
113.2794
118.2794
118.2794
60.6819
60. 1101
59.5420
58.8974
58.218)
57.503%

118.2804
118.2804
118.2804
118.2804
118.28:3
118.2804
59.1810
. 58.6271
58.0720
57.4398
56.781S
56.0878

118.2813
118.2813
118.2813



SOLUTION SURFACE NO.

(]

500 - TIMF

NNV NKOLVLN

x
(IN)

.4C00
L4000
. A000
. 4000
. 4000
. 4000
.4000
. 1000
L4000

30.09822540 SECONDS (DELTA T =

Y
(IN)

. 3000
. 4000
. 5000
t.1928
1.4314
1.6699
1.9085
2.1470
2.348%¢

v
(F/s)

.6439
.6439
.6409
. 0434
. 0640
.0321
.9973
. 9604
L9203

v
(F/S)

.0%981900,

[
(PSIA)

179.972%0
179.97290
179,97290
14.23589
13.£1672
13.39873
12.91781
12.42841
11.92377

NVCM = 1,

RHO
(LBM/FT3

152. 156657
152. 156657
152. 156697
24.,629139
24.128653
23.623069
23.026793
22.409312
21.764301

CNUMS = 1,00,

VMAG
) (F/s)

.6439
.6439
. G419
2.1789
2.1845
2.1914
2.1999
2.2092
2

(20, 7).

MACH
NO

.5004
. 5004
. 5004
2.4222
2.4397
2.4592
2.4823
2.%072

(o, 0))

T
(R)

113.2813
118.2013
118.2810
57.8010
57.2627
56.7191
56.0990
$5,4601
54,7859

179.97908
179.97908
179.97908
179.97908
179.97908
179.97908
13.16282
12.77693
12.38946
11,943 .5
11.49447
11.02983

152. 160424
152. 160424
152. 160424
152. 160424
152, 160424
152. 160424
23.286586
22.815539
22.336234
21.770772
21.191775
20.584401

118.2824
118.2824
118.2824
118.2824
118.2824
118.2824
56.5253
$6.0010
55.4680
54.8601
54.2403
53 5834

- -

-

L0000
. 0000
-0000

179.98G9a2
179.98692
179.98692
179.98692
179.98692
179,98692
12.21939
11.86240
11.50196
11.08743
10.67390
10.24396

179.99%548
179.99%548
179.99%548
179.99548
179.99548
179.99548
11.38500
11.05352
10.71752
10.33154
9.94958
9.55056

152.16517 14
152. 165171
152, 165171
152, 165171
152.165171
152. 165171
22.080390
21.635351
21.179933
20.643063
20.098480
19.524511

152. 170292
152, 170292
152, 170292
152, 170292
152. 170292
152. 170292
20.991480
20.569916
20. 136775
19.626696
19.113580
18.570203

Fig. 28. (cont)

180.00297
180.00297
180.00297
180.00297

152. 174805
152, 174806
152. 174806
152. 174806

2.5377
2.5574
2.5807
2.6053
2.6299

.5002
.5002
.5002
2.5658
2.5833
2.6030
2.6263
2.6507
2.6753

118.2839
118.2839
118.2839
118.2839
118.2839
118.2839
55.3405
54.8288
54,3059
$3.7102
53.1030
52.4672
118.2856
118.28%6
118.2856
118.2856
118.2856
118.2856

54.2363

53.7364

53.2236

$2.6402

52.0550

51.4295

.S002
.5002
.5002
-5002

118.2870
118.2870
118.2870
118.2870



SOLUTION SURFACE NG, 500 - TIML = 30.09822540 SECONDS (DELTA T = .05981900, NVCM = 1, CNUMS - 1.00. (20, 7)., ( 0. O)}

L M X Y u v P RHO VMAG MACH T
(IN) (IN) (F/S) (F/S) (PSIA) (LBM/FT3) (F/S) NG (R)

17 5 3.2000 . 4000 .6437 - .0000 180.00297 152.174806 .6437 .5002 118.2870
17 6 3.2000 . 5000 .6437 0.0000 180.00297 152.174806 .6a37 . 5002 t18.2870
17 6 3.2000 1.4238 2.1638 .6246 10.64075 20.000878 2.2521 2.609% 53.2014
17 7 3.2000 1.7085 2.1322 .7393 10.33162 19.600098 2.2567 2.6270 52.7121
17 8 3.2000 1.9933 2.0980 .8477 10.01753 19. 187340 2.2628 2.6467 52.2091
17 9 3.2000 2.2780 2.0609 .9524 9.6573%5 18.702112 2.2703 2.6701 51.6378
17 10 3.2000 2.5628 2.0215 1.0%507 9.30312 18.217098 2.2782 2.6944 51.0681
17 1 3.2000 2.8475 1.9791 1.1426 8.93058 17.699921 2.2852 2.7190 50.4555
18 1 3.4C00 0.0000 .6436 0.0000 180.00750 152.177594 .6436 .5002 118.2878
18 2 3.4C00 . 1000 .6436 . 0000 180.00750 152.177594 .6436 . 5002 118.2878
1 3 3.4000 . 2000 ,6436 . 0000 180.00750 152.177594 .6436 .5002 118.2878
18 4 3.4000 . 3000 .6436 -.0%00 180.00750 152.1775%4 .6436 .5002 118.2878
18 5 3.4000 . 4000 .6436 -.0000 180.00750 152.177594 .6436 .5002 118.2878
18 6 3.4000 . 5000 .6426 0.0000 180.00750 152.177594 .6436 .5002 118.2378
18 6 3.4000 1.481% 2.1781 .6288 9.97767 19.101643 2.2670 2.6510 52.2346
18 7 3.4000 1.7778 2.1460 .7443 9.68915 18.720764 2.2714 2.6684 51.7561
18 ] 3.4000 2.0741 2.1114 8534 9.39553 18.327845 2.27713 2.6882 51.2637
16 9 3.4000 2.3704 2.0737 .9586 9.05890 17.865995 2.2845 2.7115 50.7047
18 10 3.4000 2.6667 2.0338 1.0573 8.72981 17.407209 2.2922 2.7356 50. 1505
18 1" 3.4000 2.9630 1.9909 1.1495 8.38247 16.916345 2.2989 2.7601 49.552%
19 1 3.6000 0.0000 .6436 0.0000 180.0080a 152.177928 .6436 .5001 118.2879
19 2 3. 6000 . 1000 .6436 . 0000 180.00804 152.177928 .6436 .5001 118.2829
19 3 3. 6000 .2000 .6436 - . 0000 180.00804 152.177928 .6436 .5001 118.2879
19 4 2.6000 . 3000 .6436 -.0000 180.00804 152.177928 .6436 .500t 118.2879
19 5 3.6000 . 4000 .6436 - .0000 180.00804 152.177928 L6436 .5001 118.2879
19 6 3.6000 .5000 .6436 0.0000 180.00804 152,.177928 .6436 .5001 118.2879
19 6 3.6000 1.5792 2.1922 .6328 9.37246 18.267047 2.2817 2.6922 S1.3080
19 7 3.6000 1.8471 2 1597 .7490 9. 10049 17.901453 2.2859 2.7096 50.8366
19 8 3 6000 2.1549 2.1246 .8%88 8.82515 17.526411 2.2916 2.7294 50.3534
19 9 3.6000 2.4628 2.0864 .8645 8.51013 17.086474 2.2986 2.7527 49.8067
19 10 3.6000 2.7706 2.0461 .0636 8.20309 16.650830 2.3060 2.7767 49,2654
19 114 3.6000 3.0785 2.002¢€ 1562 7.87531 16.179224 2.3125 2.8013 48.6754
20 1 3.8000 0.00C0 .6436 0.0000 180.00500 152.176053 .6436 .5002 118.2873
20 2 3. 8000 1000 6430 - .0000 180.00500 152.176053 .6436 .5002 118.2873
20 3 3.8000 .2000 .6436 - . 0000 180.00500 152. 176053 .6436 .5002 118.2873
2C 4 3.8000 .3000 .6436 -.0000 180.00500 152.176053 .6436 .5002 118.2873
20 5 3.8000 . 4000 .6436 -.0000 180.00500 152.176053 .6436 .$002 118.2873
20 6 3.8000 .5000 .6436 0.0000 180.00500 152.176053 .6436 .5002 118.2873
20 6 3.8000 1.5970 2.2047 .6364 8.87248 17.555816 2.2947 2.72080 50.%387
20 7 3.8000 1.9164 2.1718 .7532 8.61417 17.203403 2.2987 2.74%5 50.0725%
20 8 3.8000 2.23%8 2.1363 8635 8.35413 16.843914 2.3043 2.7653 49.5973
20 9 3.8000 2.5551 2.0978 . 9696 8.05694 1€.422722 2.3110 2.7886 49.0597
20 10 3.6000 2.8745 2.0570 1.0691 7.76865 16.007691 2.3182 2.8124 48.5307
20 11 3.8000 3.1939 2.0130 1622 7.45564 15.550579 2.3245 2.8372 47.544S
21 1 4 0000 0.0000 .6436 0.0000 180.00000 152.173018 .6436 .5002 118.2864
21 2 4.0000 1000 6436 - .0000 180.00000 152.173018 .6436 .5002 118.2864
21 3 4.0000 .2000 .6436 -.0000 180.00000 152.173018 .6436 .5002 118.2864
21 4 4.0000 . 3000 .6436 - .0000 180.00000 152.173018 .6436 .5002 118.2864
21 5 4.0000 . 4000 .6436 - . 0000 180.00000 152.173018 .6436 .5002 118.2864

Fig. 28. (cont)



SOLUTION SURFACE NU. 500 - TIME
L M x
(IN}
21 6 40000
21 N 4. 0000
21 7 4.000)
21 ] 4.0000
21 9 4.0000
21 10 4. 0000
21 11 4.0000

sesee LXPECY FILM OUTPUT

fOR N-

= 30.09822540 SECONDS (DELTA T =

]
(IN)

. 5000
. 6547
. 9856
.3166
. 6475
.9785
. 3094

WK - -

SO0 ssese

u
(F/3)

LSS SIS AN N

. G406
L2172
. 1839

1481

. 1091
.0679
.0234

v
(F/S)

0.0000
.6401
.1574
.8683
.9748

1.0746
1.1682

Fig. 28. {cont)

.05981900, NVCM =
P RHO
(PSIA) (LBM/FT3)
180.00000 152.173018
8.37249 16.844536
8.1278% 16.505354
7.88311 16.161417
7.60375% 15.758970
7.30421 15.364551
7.03%98 14.921935

CNUMS = 1.00,

VMAG
(F/s)

.6436
2.3077
2.3116
2.3169
2.3235
2.3304
2.3365

(20, 7).

HMATH
NO

. 5002
2.7665
2.7840
2.8038
2.8270
2.8507
2.8757

(0. 0)

)

T

(R)

118.2864
49,
49.

L7774

48.

a7.

47.

48

7044
2437

2503
7346
1520



w Fig. 29.
. Case No. 3 geometry.

V*i4P2 CASE 3 - ©USSCNIC AIRFUIL
SCNTRL LMAX=21 MMAX =11 ,NMAX=500 NPLOT=500, IUNIT=1 RGAS=0.01,
TSTCP=100 O 3
$1IVS NIf=-2 RSTAR=0.7464 3
SGEMTRY NUIM=0Q ,N3ECM=1,X1=0.0,XE=4.0,R1=1.0 3
$GCBL NGCB=1_.RIC8:=0.0 s
$BC PT=2213.514,77=124.2,PE=180.0 3

saviL 3
$RVL $
S TURBL 3

$OFSL NDFS=2 . LDFSS=6,LDFSF=16 MDFS=6,
yL(6):0.5,0.4825.0.4650.0.4475,0.4300,0.4125,0.4300.0.4455,
O 4€£0.0.4825,0.5,
FeXNYL(6):0.04374.4°0.08749,0.0,4+-0.03749,-0.042374,
1U16)=0.5.0.5175.0.5350.0.5525.0.5700.0.5875.0.5700.0.5525,
O 52%0.0.5175. .5.
PXNYU!6)=-0.04375.4+-0.08743,0.0.,4°0.08749,0.04374 $
$VCL $

Fiz. 30. .
Case No 3 data de<k.
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VNAP2, A COMPUTER PROGRAM FOR THE COMPUTATION OF TWO-DIMENSIONAL ) IME-DEPENDENT, COMPRESSIBLE., TURBULENT FLCW

BY MICHAEL C. CLINL, 1-3 - LOS ALAMOS NATIONAL LABCRATORY

PROGRAM ABSTRACT

THE NAVIIR STD...S EQUATIONS FOR TWO-DIMENSIONAL, TIME-DEPENDENT FLOW ARE SOLVED USING THE

SECONL -ORDER, MACCORMACK FINITE-DIFFFRENCE SCHEME. ALL BCUNDARY CONDITIONS ARE COMPUTED USING

SECONE ORDFR, REFERENCE PLANE CHARACTER[STIC SCHEME WITH THE VISCOUS TERMS TREATED AS SOURCE
CUNCTIONS. 'HE FLUID IS ALCUMED TO BE A PERFECT GAS. THE STEADY-STATE SOLUTION IS ORTAINED AS
THT ASYMPIUTIC SOLUTION FOR LAFGE TIME. THE FLOW BOUNDARIES MAY BE ARBITRARY CURVED SOLID WALLS
AS WELL AS JFT EMNVELDPES. THE GEOMETRY MAY CONSIST OF SINGLE AND DUAL FLOWING STREAMS. TURBULENCE
EFEECTS ARC MODELED WITH EITHER A MIXING-LENGTH, A TURBULENCE ENERGY EQUATION, 0N A TURBULENC
FNERGY DISSIPATION RATE EQUATIUNS MODEL. THIS PROGRAM ALLOWS VARTABLE GRID SPACING AND INCLUDES
OFTIONS 10 SPEED UP YHE CALCULATIIN FOR HIGH REYNOLDS NUMBER FLOWS.

JoB TITLE

VHAP2 CASE 3 - SUBSCONIC AIRFOIL

CONTROL PARAMETERS -

LMAX=21 MMAX=11 NMAX= SO0 NPRINT= 0 HNPLOT= 500 FDT= .90 FDT1e1 00 FOT1= .90 1PUNCH=0
TUL o8 un IvpPrsS=1 NCCNVIe 1STOP= [ 10E403 NID=-2 TCONV=0O.000 NASM={ TUNIT»
ASTAR- . 746400 RSTARS= 0. 0000000 PLOW= .0100 ROLOW= .000100 vDT= (25 vDoTt= .25

FLUID MODEL -

THE RATIO OF SPECIFIC HLALS, GAMMA =1.4000 AND THE GAS CONSTANT, R = .0100 (FT-LBF/LBM-R)

FLOW GFOMETRY -

TWO-DIMENSIONAL, PLANAR FLOW HAS BEEN SPECIFIED

DUCT GEOMETRY -

A CONSTANT AREA DUCT HAS BEFN SPECIFIED BY XI= 0.0000 (IN), RI= 1.0000 (IN}, AND XE= 4.0000 (IN)

A CYULINDRICAL CENTERBODY HAS BEEN SPECIFIED BY XICB» 0.0000 (IN), RICB= 0.0000 (IN), AND XECB* 4.0000 (IN)

Fig. 31.
Case No. 3 output.



DUAL TLOW SPACE BOUNDARY GEOMETRY -

GENERAL BOUNDARIES HAVE BEEN SPECIFIED BY THE FOLLOWING PARAMETERS,

L XP(IN) YLOIN) SLOPEL YU(IN) SLOPEVY
G 1.0009 . 5000 -.0427 .5000 .0427
7 1.2000 .4825 -.0875 .S175 .087S
8 1.4000 . 4650 -.0875 .5350 .0875
9 1.6000 L4475 -.087% .59525 .087%
10 1.8000 .4300 -.087% .5700 .087%
11 2.0000 .4125 0.0000 L5875 0.0000
LAY 2.2000 .4300 .0875 .5700 -.0875
13 2.40092 .4475 .0875 .5525 -.0875
14 2.6000 . 4650 .087% .5350 -.087%
15 2.8000 .482% .0875 .51715 -.0875
16 3.0000 . 5000 .0437 . 5000 -.0437

Fig. 3L, (cont)
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BOUNUDARY CONDITIONS -

M PTEPSTIA) TR THETA{DFG) PEIPSTIA) FSQ(FY2/52) FSE(FT2/S3)
1 213.5140 124.20 0.08 180. 00000 L0001 A
? 213.5140 124.20 0.00 180. 00000 .0001 |
3 213.5140 124.20 0.00 180. 00000 L0001 .t
4 213 %140 124.20 0.COo 100, 00000 . 0001 .1
Y 213.%5140 124.20 0.00 180. 00000 .0001 i |
6 213.5140 124.20 0.00 180. 00000 .0001 1
7 213.5140 124.20 0.00 180. 000C0 . 0001 1
8 21C.5140 124,20 0.00 180. 0000 .00N1 |
9 213.5140 124.20 0.00 180.000C0O .0001 A
10 213.5140 124.20 0.00 180. 00000 . 0001 .1
1 213.5140 124.20 0.00 180.00000 .0001 .1
TINLET=D [EXITT=0 1EXx=1 ISUPER=0 DYW= .0010 IVBC=0Q INBC=0 IWALL:=0 IWALLO=0 ALI=0.00 ALE=0.00

ALW=0.00 NSTAG=0 NPE= O PEl= 0.00000
FREE-SLIP WALLS ARE SPECIFIED

ADIARA..C UPPER WALL IS SPECIFIED

ACIABATIL LOWER CENTERBOOY 1S5 SPECIFIED

ADIABAYTIC LOWER DUAL FLOW SPACE BOUNDARY IS SPCCIFIED

ADIABATIC UPPER DUAL FLOW SPACE BGUNDARY IS SPECIFIED

ARTIFICAL VISCCSITY -

CAV=0.00 xMy= 40 XLA*1.00 PRA=: .70 x0= .60 LSS= 1 LSF=999 101VC=0 15S=0 SMACH-0.00
NST= (] SMP=1 00 SVPF=1.00 SMPT=1.00 SMPTF=1.00 NTST= 1 l1AV=0 MSS= 1 MSF=999

MOLECULAR VISCOSITY -

CMU=Q. (LBF-S/FT2) CLA= Q. (LBF-S/FT2) CK=0. (LBF/S-R) EMU*0.00 ELA=0.00 EK=0.00

TURBULENCE MODEL

NO MQDEL 1S SPECIFIED

VARIABLE TRID PARAMETERS -

157=0 MyCB= O MVCT= O 10<=0 NIQSS=2 N1QS#=0 NVC4l= O 1LLOS=30 SQsS=  .S0 CQs= .00t

¢esee EXPECT FILM OUTPUT FOR N= O seees
N 10, 1= 58314928 SECONDS, OT= .05852585 SECONDS. NVCM = 1, CNUMS = 1.00, (31, 9), ( 0, 0)
N= 20, T= 1.16827635 SECONNS, DT= .05844147 SECONDS., NVCM * 1, CNUMS = t.00, (1t, 9), (0, 0)
N= 30, T= 1.,75321496 SECONDS, OT= .05855721 SECONDS, NVCM = 1, CNUMS = 1.00, (11,1C), ( 0. 0)
Ne 40, T= 2.33806242 SECONDS, ODT= .05854766 SICONDS, NVCHM = 1, CNUMS = 1.00. (11.10). ( 0. 0)
N= 50, 1= 2.92510260 SECONDS, DTs .05864965 SECONDS, NVCM = 1, CNUMS = 1.00. (11,1C), ( 0. 0)
N= €0, T+ 3.51161404 SECONDS, DT= .0S866771 SECONDS, NVCM = 1, CNUMS = 1.00. (11, 9), ( 0. 0)
N= 70. T= 4.09813240 SECONDS, ODT= .05864804 SECONDS. NVCM = 1. CNUMS = 1.00. (11,10), ( 0. 0)

Fig. J1. {(cont)
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180,

200,
210,
220.
230,
J40,
250,
260,
270,

. 4.68467521
5.2/,110101
5.85752276

.44412855
7.03092347
7.61777889
8.20451351
8.791165S5¢6
9.3779025%52
9.9647734

10.55166486

11.13845402

11.72513295

12

12

13.

14

14

15

]

.31179764
.83852648
48531242
.07210155
.65884622
.24555352
15.83226876
16.41902890
17.¢0582680
17.592621¢389
18.1793881%
18.76614179
19.35291453
19.93970721
20.52648847
21.11323656
21.69996588
22.28670681
22.87347132
23.46024735
24.04701862
24.63373059
25.22054014
25.207306513
26.39408256
26.98086107
27.56763170
28.15439329y
282.74115613
29.32792830

SECONDS,
SECONDS,
SECONDS,
SECONDS.,
SECONDS,
SECONDS.,
SECONDS,
SLCONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS.
SECONDS,
SECUNDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS.
SECUNDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SEUCONDS,
SELONDS,
SCCONDS,
SECONDS,
SECONDS,
SECONDS,
SECUONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS,
SECONDS

SECONDS,

DT=
oT=
oT=
DT=
DT=
DT=
ot-
ot-
DT=
DT=
DT=
oT=
DT
DT=
DT=
DT=
DT=
DT-
DT=
oT=
DT=
oT=
oT=
oT=
oT-
DT=
OT-
DT=
DT=
D=
ot
o=
DT=
DT-=
DT=
or-
OT=
oT=
oT=-
DT=
DT=
DT=
DT

.058G441C SECONDS,
.05864288 SECONDS,
.05864519 SECONDS,
.05366945 SECONDS,
.05868448 SECONDS,
.05867627 SECONDS,
.05866424 SECONDS,
.05866439 SECONDS,
.05867774 SECONDS,
.058685897 SECONDS,
.05868457 SECONDS,
.05867157 SECONDS.
.05866462 SECONDS,
.05866799 SECONDS,
.05867558 SECOMDS,
.05867941 SECONDS,
.054¢:7289 SECONDS,
.05867195 SECONDS,
.05867004 SECONOS,
.05867304 SECONDS,
.05867807 SECONDS,
.038668030 SECONDS,
.LLd67823 SECONDS,
.05867542 SECONDS,
.05867578 SECONDS,
.05867846 SECONDS,
.05867932 SECONDS.
.05867669 SECONDS,
.05867345 SECONDS,
.05867300 SECONDS,
.05867517 SECONDS,
.05867727 SECONDS,
.05867798 SECONDS,
.05867666 SECONDS,
.05867592 SECONDS,
.05867613 SECONDS,
.05867710 ScCONDS,
.0£867790 SECONDS,
.05867763 SECOMDS,
.05867656 SECONDS,
.05367600 SECONDS,
.05867667 SECONDS,
.05867757 SECONDS,

Fig. 31. (cont)
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NVCM
NVCM
NVCM
NVCM
NVCM
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NVCM
NVCM
NVCM
HVCM
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MASS FLOW AND THRUST CALCULATION, N» S00

L

VORNOUVEWN -

MF (LBM/S)

97.97247
97.98057
87.95771
96.048B27
97.71521
98.04291
97.76694
98.06552
97.52895
98.74291
97.73069
97.85a483
97.56375
98.01990
97.29910
98. 11851
97.79844
98.01869
97.87349
97.97664
97.89335

MF /MF 1

1.0000
1.0001
.9998
1.0008
.9974
1.0007
.9979
1.0009
.8955
1.0079
L9975
.9988
.9958
1.0005
.9931
1.0015
.9982
1.0005
.9990
1.0000
.9992

Fig. 2i. (cont)

T(LBF)

.0912
. 1015
.0786
. 1755
.8248
. 3069
.8924
.9632
.2858
.8388
.8832
.7409
.0532
L9273
L2744
.4184
. 7905
.2089
L9277
. 1262
.9648

T/T1

1.0000
1.0002
.9¢98
1.0013
.99c%8
1.0034
.0444
. 1089
. 1616
.265S
.3286
.2480
. 1579
. 1084
.0346
.0052
.9952
1.0019
.9974

.9980
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SOLUTION SURFACE NO.

M

00O NODEUN -

-

500 - TIME =
X
(IN)

.0000
.0000
. 0000
- 0000
.0000
.0000
- G000
. 0000

Q0020000000

29.32792830 SECONDS (DELTA T

\]
(IN)

0.0000
. 1000
L2000
3000
. 4000
.5000
. 6000
.7000
.8000
. 9000

1 0000

U
(F/S)

.6441
.6442

6440
.6438

0438
.6.115
.6458
.6440
.6441
.6443
.6443

v
(F/S)

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

.05867757, NVCM = 1,

[
(PS1A)

179.92963
179.92510
179.93776¢
179.95468
179.96019
179.98871
179.95754
179.93879
179.93403
179.91313
‘'9.90967

RHO
(LBM/FT3)

152. 130548
152.127812
152, 135456
152.145675
152. 149000
152.166225
152.147399
152.136077
152.133201
152.120584
152.118493

CTNUMS =

1.00,

VMAG
(F/S)

.6441
.6442
.6440
.6438
.6438
.6435
.6438
.64¢)
.6441
.6443
.6443

(11,10),

MACH
NO

(0. 00

T
{R)

118.2732
118.2723
118.2747
118.2779
118.2789
118.2843
118.2+/84
118.2749
118.2740
118.2701
118.2694

173.93162
179.93517
179.94171
179.95268
179.96177
179.96011
179.95908
179.94327
179.92701
179.92106
179.912326

152. 132487
152. 134726
152.138639
152. 145235
152.15077S
152. 149066
152, 148965
162.°39524
152. 129707
152.126143
152.121433

118.2730
118.2736
118.2748
118.2769
118.2786
118.2788
118.2782
118.2752
118.2721
118.2710
118.2695

- -

179.84896
179.85251
179.88470
179.92894
179.98890
180.04365
179.99310
179.92717
179.87968
179.841239
179.82842

179.83587
179.85532
179.91666
100.02253
180. 13405
180.24852
180. 18227
180.04020
179.90938
179.83438
179.78844

152.08 1505
152.083603
152. 103070
152, 129802
152. 166007
152.199378
152.169190
152.128717
152, 100037
152.076893
152.069065
152.075105
152.087029
152.124012
152, 188501
152.255283
152.323238
152.284226
162.198552
152, 119568
152.074321
152.046557

118.2583
118.2590
118.2650
118.2733
118.2846
118.2946
118.2855
118.2730
118.264 1
118.2569
118.2544
118.2546
118.2582
118.2697
118.2898
118.3105
118.3329
118.3198
118.2939
118.2684
118.2543
118.2456

Fig. 31. {cont)

179.27175
129.30708
179.45714
179.70017
180. 14007

151.732123
151.753332
151.844019
151,990042
152.256542

118. 1502
118.1569
118. 1852
118.2309
118.313%



SOLUTION SU”"ACE NO. SO0 - TIME = 29.22792830 SECONDS {(DELTA T =

.05867757,

p
(PS1A)

180.

6G786

. 16143
.72030
.44078

26G74

. 18449

NVCM = 1,

(LBM/FT13)

152.
152,
152.

151

1910,
.679309

151

RHO

540245
269756
003133

.834197

720012

1.00,

VMAG
(F/S)

.6328
.6379
.6426
.6461
.40 4
.6494

(11,10),

HACH

NO

.4915
. 4956
.4994
.5023
.04t
.5049

(0, 0N

|

(R)

t18.
118,

4001
3173

. 2346
. 1821
. 149)
. 1328

.386362
.43123¢
.614839
.922426
. 448094
.029413
.934071
.279217
.838009
.525080
. 358340
.308482

.972133
.016632
. 170556

416278

. 796887
.994017
.067225
.642222
.298820
.062813
.952214
.926980

t T X Y u v
(N (IN) (F/S) (F/S)
5 6 .3000 . 5000 .6328 .0007
5 7 . BOOO . 6000 .6379 .0022
5 8 .8000 .7000 .6426 .0033
5 3 .800O . 8000 .6461 .0027
% 10 OO0 . 0000 .64N04 0014
13 11 L BOOO 1.0000 .6494 0 . 0000
6 1 1.0000 0.0000 6553 .0000
6 2 1.0000 . 1000 6540 -.0059
6 3 1.0000 2000 6505 -.0116
6 4 1.000C 3000 6449 -.0175
G 5 1. 0000 4000 6359 -,0224
6 6 1.C000 5000 6225 -.0272
6 6 1.0000 5000 6237 0273
6 7 1.0000 6000 6376 02217
6 8 1.0000 7000 6464 0170
6 9 1.0000 8000 6520 0113
6 10 1.0000 .9000 6554 0057
6 11 1.0000 1.0000 6568 0.0000
7 1 1.2000 0.0000 6804 0.0000
7 2 1.2000 0965 6794 -.0108
7 3 1. 4060 .1930 6771 -.0220
7 a 1.2000 .2895 6732 -.0739
7 5 1.2000 .3860 6671 - .0854
7 6 1.2000 .4825 6633 -.0580
7 6 1.2000 .5175 6597 0577
7 7 1.2000 .6140 6688 Q441
7 8 1.2000 .7105 6741 0321
7 9 1.2000 .B070 6777 0210
7 10 1.2000 .9035 .6799 0105
7 10 1.2000 1.0000 .6BOS 3.0000
8 t 1.4000 0.0000 7162 0.0000
8 2 1.4000 .0930 7164 -.01iy
8 J 1.4000 . 1860 7154 -.0238
8 a t.4000 2720 7137 -.0360
8 5 1.4000 3720 7118 -.0490
8 6 1.4000 4650 7096 -.0621
8 6 1.4000 .5350 7084 0620
8 7 1.4000 6200 7108 0488
8 8 1.4000 7210 i123 0360
H 9 1.4000 R140 7142 0237
8 10 1.4000 .8070 7151 o118
8 1t 1.4000 1.0000 7153 0.0000
9 1 1.6000 0.0000 7537 0.0C00
3 2 1.6000 .0895 .1527 -.0114
9 3 1.6000 L1790 .7523 -.0234
9 A 1.6000 .2685 L7517 -.0363
9 s 1.6000 .3580 .7505 -.0504
9 6 1.6000 4475 .7443 -.0651
9 6 1.6000 5525 .7440 .0651

g. J1. (cont)

.692533
.712929
. 739069
.786599
.824383
.929190
.059243
.884985
.816503
. 7179000
. 766929
. 769380
.080278
.066195
.052813
.039824
.028951
.757824
.804303
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SOLUTION SURFACE NO. 500 - TIME =

29.32792830 SECONDS (DELTA T =

Y
(IN) {F

.6420
L7315
.8210
L3105
1.0000

U
/5)

L7513
L7527
.7526
L7527

v
(F/s)

.05vV6
.0362
.0235
L0116

.0SB67757,

P
(PSIA)

168.05350
168.23076
168.35166
168.4407¢2
168.53170

164 .43271
164.35470
164.04485
163. 45307
162.52985
159.64350
161.05797
162.54924
163.45810
1G4.09803
164.43294
164.63942

NVCM =,

RHO

(LBM/FT3)

144 .893533
145.003094
145,.076201
145. 130086
145.184299

142.668435%
142.621085
142.432924
t42.C72841
141.515621
139.715563
140.605579
141.513242
142.057836
142.459858
142.696498
142.830843

CNUMS =

VMAG
(F/S)

.7530
.7535
.7530
. 7528

.00,

(11,10),

MACH
NO

.5909
.5913
.5908
.5906

( o. 0))

!
(R)

115.9841
116.0187
116.0476
116.0619
116.0812
115.2551
115.2387
t15. 1734
115.0488
114 8494
114.2632
114.5459
114 .8650
115.0564
115.1890
115.2677
115.3108

t L X
CIN)
9 7 1.6000
9 8 1.6000
9 9 1. 6000
9 10 1.6000
9 11 1. 6000
10 1 1.8000
10 2 1.8000
10 3 1.8000
10 4 1 8000
10 9 ¢ 8000
10 6 1.86000
10 6 1 9000
10 7 1.8000
10 8 1.8000
10 92 1.8000
10 10 t 8000
10 11 1. 8000
11 1 2.0000
t 2 2.0000
11 3 2.0C00
11 4 2.0000
1 5 2.0000
(R 6 2.0000
11 6 2.0000
11 7 2.0000
1 n 2 . 0000
1" 9 2.0000
11 10 2.0000
11 11 2.0000
12 1 2.2000
12 2 2.2000
12 el 2.2000
12 4 2.2000
12 S 2.2000
12 6 2 2000
12 6 2.2000
12 7 2 2000
12 L} 22000
12 9 2.2000
12 10 2.2000
12 " 2.2000
13 1 2.4000
13 2 2.4000
13 3 2.4000
13 4 2.4000
13 S 2.4000
13 6 2.4000
13 6 2.4000
1 7 2.4000

.5700
L6560
L7420
.8280
. 9140

Fig. 31, {comt)

158.81698
158.58480
157.73375
156.27318
153.71971
151.21521
153.40795
156. 11195
158.01311
159.30354
159.95114
160. 14805

1R3.58950
163.39534
162.88680
162.07130
160.77808
160.66941
159.94058
161.716048
162 49001
163.25273
163.57937
163.64165

169.11378
163.08978
169.09601
169.11170
169.39531
169.55218
169. 18976
169.11983

139.164508
139.0255%64
138.495248
137.583%29
135.978802
134.403945
1235.757117
137.471736
138.6626280
139.467588
139.870389
139.988771

142.152968
142.042019
141.,733474
141.238851
140.452870
140.396774
139.929516
140 . A0O145R
t41.,487087
141.951062
142.148126
142.180759

145.548993
145.543276
145.550863
145.566970
145.745691
145.844506
145.621219
145.574651

114.1218
114.0688
113.8911
113.5842
113.0468
112.5080
113.0018
113.5593
113.9551
114.2226
114.3567
114 4006

115.0799
115.0331
114.9247
114.7498
114 4712
114.4395
114.3008
114.6014
114 8444
115.0063
115.0767
115.0941
116. 1903
116.1783
116. 1766
116. 1745
116.2266
116.2554
116, 1848
116. 1740



68

SOLUTION SURTACF NO. 500 - TIME * 29.22792830 SECONDS (DELTA T « .0S867757, NVCM r 1, CNUMS = 1.00. (11,10}, ( 0, 0))

L ™M

X Y U v P RHO VMAG MACH T
(IN) CIN) (r/s (F/5) (PSTA) (nmM/rin) (r/s) NO (R)
12 8 . 4000 L7315 .7492 -.0363 169.08397 145.544534 L7501 .58R1 116.1734
13 9 2.4000 .8210 . 7496 -.0236 169.09189 145.544310 .7499 .5880 116. 1790
12 10 2.3000 .9105 L7501 -.0118 169.06066 145.5711759 .7502 .5882 116.175»
13 Tt 2.4000 1.0000 L7502 0.0000 169.05207 145,%10546 . 7502 .5883 116, 1786
14 1 2.6000 0.0000 .7164 0.0000 172.36093 147.547241 .7164 .5602 116.8175
14 2 2.6000 .0930 .7164 .0118 172.36350 147.%57870 . 7165 .5603 116.8108
14 3 2.6000 . 1860 .T155 .0237 172.39963 147.%84491 .7159 .5598 116.8142
14 4 2.6000 .2790 .7140 .0Q362 172.45723 147.¢27584 . 7150 .5591 116.8191
14 ] 2.6000 .3720 .7118 L0491 172.60962 147.9527386 .7135 .5578 116.8430
14 6 2 6000 . 4650 .70c4 .0621 173.11309 14B.046439 L7121 .5566 116.9316
14 6 2.6000 5350 7086 -.0620 173.2754t 148, 124471 .7113 .5558 116.9796
14 7 2.60CO .6280 L7102 -.0481 172.98563 147.949866 L7118 .5563 116.9218
14 8 2.6000 .7210 L7125 -.0354 172.80929 147.832618 L7134 .5576 116.8952
14 2 .6000 .8140 L7139 -.0232 172.68210 147.749196 L7142 .5504 116.8752
14 10 2. 6000 L9070 L7149 =.0t116 172.60397 147.697519 .T150 .5590 116.8631
14 1 2. 600D 1.0000 L7151 0.0000 172.55756 147.663132 L7151 .5591 116.8589
15 1 2.8000 0.0000 .6782 0.0000 176.40221 150.004977 .6782 .5286 117.5976
15 2 2.8000 .0965 .6774 .0106 176.44090 15C.0Q38176 .6775 .5280 117.5973
17 3 2.8000 . 1930 .6747 .0216 176.61634 150, 149443 .6751 .5260 117.6270
15 A 2.8000 .289% .6703 .0330 176.92917 150.347476 6711 .5229 117.6802
15 5 2.8000 . 3860 .6631 .0458 177.43889 150.664840 .6647 .5177 117.7706
1o 6 2.8000 .4825 .6497 .0568 178.46103 151.286038 .6522 .5075 117.9627
15 6 2.8000 .9175 .6546 -.0573 177.97915 150.991957 .6571 .5115 117.8733
15 7 2.8000 .6140 .6651 -.0441 177.31139 150.580243 .66686 .5192 117.7521
15 8 2.8000 . 7105 .6714 -.0321 176.83180 150.279437 .6721 -5237 117.6687
15 9 2.8000 8070 L6739 -.0211 176.50801 150.076833 .6762 .5270 117.6118
15 10 2.8000 .9035 .6787 -.0106 176.31330 149,.854547 .6787 .5290 117.5778
15 t 2.8000 1.0000 %799 0.0000 176.23057 149.898024 .6799 .5300 117.5670
16 1 3.0000 0.0000 .6562 0.0000 178 S751% 151.321025 .6562 .51)5 118.0108
6 2 3.0000 . 1000 .6547 .0058 ¢78.65575 151.379994 .6547 .S50¢ 4 118.0181
16 3 3.0000 . 2000 .6513 .0114 178.97167 151.575645 .6514 .5066 118.0742
16 4 3.0000 . 3000 .6454 .0166 179.48814 151.895740 .6456 .5019 118.1654
16 5 3.0000 . 4000 .6363 .0222 180.44888 152.482391 .6367 .4947 118.3408
16 6 3.0000 .5000 .6256 .0274 181.29569 153,.0032¢96 .6262 .4862 118.4914
16 6 3.0000 . 5000 .6270 -.0274 181, 11328 152.871307 .6276 .4873 118.4742
16 7 3.0000 . 6000 .6374 - 0225 180.06779 152.246798 .6378 .4957 118.2736
16 8 3.0000 . 7000 .6465 =.0175 179.32977 151.791409 .6467 .5028 113, 1422
16 9 3.0000 . 8000 .69522 -.0120 178.81648 151.475165 .6523 .5074 113.0500
16 10 3.0000 . 90090 . 6557 -.0061 178.54805 151.308804 .6557 .5101 118.0024
16 11 3.0000 1.0000 .6572 0. 0000 178.47106 151.255431 .6572 .5113 147.9932
17 1 3.2000 0.00C0 .6477 0.0000 179.67603 151.986138 .6477 .5035 118.2187
17 2 3.2000 . 1000 .6470 L0014 179.74705% 152.039364 .6470 .5029 118.2240
17 3 3.2000 .2000 .6448 .0024 179.97430 152.1812€0 .€448 .5011 118.2631
17 4 3.2000 . 3000 .5419 0023 180.27633 152.3717¢9 .6419 .4988 118.3134
17 S 3.2000 4000 6347 L0631 181.02479 152.830633 .6347 .4929 1¢8.4480
17 6 3.2000 . 5000 .6312 . 0007 181.20769 152.940791 .6312 .4501 118.4822
t7 7 3.2000 . 6000 .6375 -.0024 180.65552 152.602871 .6375 .4952 118.3828
17 8 3.2000 . 7000 .6423 -.0031 180. 18298 152.307114 .6423 .4991 118.3024
7 9 3.2000 .8000 .6455 -.0028 179.85039 152. 100038 . 6455 .5017 118.2448

Fig. 31. (cont)



SOLUTINN SURIAGFE NO BOO - TIME s 2932792000 <CCONDS (OFLTA T = OSA67757, NVCM = 1, CNUMS « 1 OO, (11,10), ( 0. 0O))
L ] X ¥ u v P RHO vMAG MACH T
(IN) {IND (F/S) (F/S) (PS1A) LLBM/F13) (F/S) NO (R)

17 10 3.2000 .9C00 .6473 -.0014 179.6951€ 152.002028 .€473 .5032 118.2189
17 11t 3 2000 1. 0000 G478 0. 0000 179.65637 191, 971562 .6478 L5036 198. 2171
18 1 3.4000 0.0C20 .6469 0.0000 179.54338 151.906250 .6469 .5029 118.1935
18 2 3.4000 . 1000 .6.355 . 0009 179.57099 151.933177 .6465 .5026 118.1908
18 3 3.4000 . 2000 .6456 .0015 179.63098 151.974009 .6456 .5019 118. 1285
14 4 3.4000 . 3000 .6444 .0020 179.72757 152.040465 .6444 . 5009 118.2104
18 5 3.4000 . 1000 .6429 .0013 *79.82734 152.107726 .6429 .4997 118.2237
18 6 3.4000 .5000 6414 -.C004 179.82416 152.105322 .64:4 . 4985 118.2235
13 7 3.4000 . 6000 .6437 -.0016 179.75819 152.060802 .6437 .5004 118.2147
18 ] 3.4000 . 7000 .6449 -.0018 179.67170 151.998224 .6449 .5013 118.2064
18 9 3.4000 . 800C .6458 -.0015 179.59676 151.946866 .6459 .5021 118.1971
18 10 3.4000 . 9000 .6465 -.0008 179.56182 151.921583 .6465 .5026 118.1938
<8 1 3 4000 t . 0000 .6468 0.0000 179.55297 151.809237 .6468 .7 28 118, 1975
19 1 3.6000 0.0000 .6442 0.0000 179.98355 152, 172301 .6442 .£006 118.2762
19 2 3.6000 . 1000 6440 . 0002 179.99746 152, 190994 .6440 L5004 118.2708
19 3 3.6000 . 2000 .6435 . 0003 180.02851 152.214380 .643% . 5001 118.2730
19 4 3.6000 . 3000 .6427 .0004 180.08225 152.254990 .6427 .4995 118.2767
19 5 3.6000 . 4000 .6417 .0003 180.12635 152.288732 .RA17 .4987 118.2795
19 6 3.6000 . 5000 .6403 -.0000 180.12¢93 152.288461 .6403 ..497 118.2801
19 7 3.6000 . 6000 . 6423 . -. 0003 180.,08996 152.261252 .6GQ23 . 4991 118.2769
19 ] 7. 6000 . 7000 .6431 -. 0004 180.04633 152.224539 .6431 .4998 118.2768
19 9 3.6000 . 8000 .6436 -.0003 180.00328 152, 192431 .6436 . 5002 118.2735
19 10 3.6000 . 8000 .6441 -.0002 179.98525 152.177342 .6441 . 5005 118.2734
19 K 3.66000 1.0000 .6442 0.0000 179.97940 152.166774 .6442 , -5006 118.2777
20 1 3.8000 0.0000 .6451 0.0000 179.77278 152.045085 .6451 .5014 118.2365
20- 2 3.8000 . 1000 .6450 . 0001 179.77647 152 057672 .6450 .5013 118.2291
20 3 3.8000 .2000 .6447 . 0002 179.78302 152.066276 .6447 L8011 118,2268
20 4 3.8000 . 3000 .6443 . 0002 179.78979 152,078542 .6443 .5008 118.2217
20 5 3.8000 . 4000 .6436 .000t 179.79404 152.088246 .6436 . 5003 1IR. 2169
20 4 dono0o L BOMN) 422 - . 0000 119.79208 152.080341 L0420 .4992 1182171
20 7 3.8000 . 6000 .6440 -.0002 179.79889 152.Nn79176 .6440 .5006 118.2204
20 8 3.8000 . 7000 .6445 -.0002 179.78175 152,064717 .6445 .5009 118.2271
20 9 3.8000 . 8000 .6447 -.0002 179.77840 152.056602 .64487 .5011 118.2312
20 10 3.8000 .9000 .6450 -. 0001 179.77595  152.050939 . 6450 .5013 118.2340
20 1 1 HOOO 1.0000 64 0. 0000 179.77673  152,044308 L6431 L5014 118.2397
21 1 4.0000 0.0000 .6438 0.0000 180.00000 152.182221 .6438 .5003 118.2793
21 2 4.0000 . 1000 .6437 . 0001 180.00000 152.192626 .6437 .5002 118.2712
21 3 4.0000 .2000 .6435 . 0002 180.00000 152.197272 .6435 .5001 118.2676
21 4 4.0000 .3000 ' .6433 . 0002 180.00000 152.205457 .6433 .4999 118.2612
21 5 4.0000 . 4000 .6427 .0001 180.00000 152.212584 .6427 .4995 118.2557
21 6 4.0000 . 5000 L6114 -. 0001 180.00000 152.211907 .6414 . 4984 118.2562
21 7 1.0000 . 6000 .6430 -.0002 180.00000 152.20€8¢8 .6430 .4997 118.2601
21 8 4.0000 . 7000 .6434 -.0002 180.00000 152, 196505 .6434 .5000 118.2682
2 9 4.0000 . 8000 .6435 -. 0002 180.00000 152.190416 .6435 .5001 118.2729
21 10 4.5000 . 9000 .6437 -.0001 180.00000 152. 186234 .64137 .5003 118.2761
21 ] 4.0000 1.0000 .6438 0.0000 180.00000 152.179192 .6438 .5003 118.2816

*eess [XPECT FILM DULTPUT FOR N= SO0 eeees

Fig. 31. (cont)



APPENDIX

FORTRAN LISTING OF THE YNAP2 PROGRAM

Los Alamos Identification No. LP-833

*COMDECK MCC

PARAMETER (LI=41, MI=25, LI1242, MI1s26. MQS=9, LTS=4t, MIS5=25)
COMMON /ONESID/ UD(4), vD(4), PD(4), ROD(4)

COMMON /SOLUTN/ U(LIT.M1,2), V(LI ,ML,2), P(LI,MI,2), RO(LI.ML.2),
T UL(LT,2), vi(Ll,2), PL(LL.2), ROL(LL,2)

COMMON /CNTRLC/ LMAX, MMAX, NMAX, NPRINT, TCONV. FDT, GAMMA, RGAS,
1 GAMY, GAM2, L, L2, L3, Mt, M2, DX, DY, DT, N, N1, NJ. NASM,
2 ICHAR, NI1D, LJET, JUFLAG, IERR, 1UI, 1UO, DXR, DYR. IB, RS(AR,
3 RSTARS, NPLOT, G, PC, TC, LC, PLOW, ROLOW, CQ(LI MI1), NSTART,
4 GAM3, RG, NC. 1STOP

COMMOM /GEMTRYC/ NGEOM, XI, R, XT, RT, XE, RE, RCI, RCT, ANGI.

1 ANGE, YW(LI)., X¥WI(LL), YWI(LI), NXNY(LI), NWPTS, TINT, IDIF, LT,
2 NOIM

COMMON /GCE/ NGCB, XICB, RIC8, XTICB. RTCB, rECB, RECR, RCICB.

1 RCTCB, ANGICB, ANGECB. YCB(LI), XCEI(L:), YCBI(LI), NXNYCB(I1),
2 NCBPTS, IINTCB, IDIFCB

COMMON /BCC/ PT(MI), TT(MI), THETA(MI), MASSE, MASSI, MASST,

1 THRUST, NSTAG, NOSLIP, IEXITY, TWILI)., TCB(LI). JSUPER., DYW, IVBC
2 . IEX, TAS, PTL, 7TL, THETAL, UIL, VIL. PIL, ROIL. TL(LI), TU(LI)
3 . IwWALL, UI(MI}, VI(MI), PI(MI), ROI(MI), PE(MI)}, PEL. PEl, NPE,
4 INBC, TINLET, [wWALLO. ALI. ALE, AlW
COMMON /AV/ 1AV, CAV, NST, SWP, LSS. XMU, XLA, PRA, XRO. QUT(LI.MI
Jo QVT(LL ML), CPT(LI MI), QROT(LI.MI). SMACH, QUTLILI), QvTL(LI)
. QPTL{LI). OROTL(LI), SMPT, USI(LTS_MTS}, VS(LTS.MIS), PS(LIS.MIS
). ROS(LTS.MTS). QS(LTS,MTS), ES(LIS,MTS), ULS(LTS), VLSILTS),
PLS{LTS)., ROLS(LTS), QLS(LT3), ELSI{LTS), NTIST, NIC, LSF. IDIVC,
1SS, MSS, MSF
CCMMON /RV/ CMU, CLA, CK. EMU, ELA, €K, CHECK. TMUX, TMuY, TMUIX,
1 TMUtY

COMMON /TURB/ 17TM, TML, Q(LI.MI,2), E(LI.MI 2), QUL{LT.2), EL{(LL.2)
1 . CAL, CQMU, C1, C2. SIGQ. SIGE, QOQT(LI.MI}, QET(LLI.MI), QUIL(LI)
2 . QETL(LI), FSOIMI), FSE(MI), FSQL. FSEL. COL. LPRINT, MPRINT,
3 QLOW. ELOW, [MLM, DEL. DELS. UBLE, YSLZ. YSL2., YMIN, MMIN, IMP,
4 BFST, CMLt, CML2, PRT, STBQ, STBE

COMMON /DFS/ YU(LI), YL{LI), NXNYU(LI), NXNYL(L1), MDFSMt, MDFSP?,
t VMAXD, LDFSS, LDFSF, MDFS. NDFS, TI%IDFS. IDIFDFS, NLPTS, NUPTS,
2 XLIGLI), YLi(LL). xUI(LI), YUI(LI), MOFSC

COMMON /VC/ IST, MVCB. MVCT, XP(LI), YI(™I), IVC. VN(MI), RIND,

1 RIND1, MVC31, MVCT1, MVC, NN, NN3, UUttLl), uu2(Ll), vwi(Ll),
VV2(L1). PPI(LI), PP2(LT), ROROI(LI), PORO2(L.), OQI(LI), QQ2(LI)
EEN(LIY, EE2(LI), DZOX{LIt), X(LI), DYDVNIMI1), Y(MI), 1QSD,
ILLOS, PUDYOS(LI.MQS.2). DVDYQS(LI . w25, 2), DPDYQS(LLI . M)S.2). SQS.

105, CN5. NVCM
CCMMON /MAPC/ 1P, LMAP_, MMAP  ALZ, AL4, BE3, BE4, DE3. DE4., OM1,
1 CM2, P
REAL M43, NXNY, NA(NYCB. MASSI., MASST, MASSE. LC, LC2. NYNYL. NYNYU

DoEWwn -

(5, B -SAR ¥

*DECK,VNAP2

s NN e NsNesNaNoNaNe ol e Ne}

FROGRAM VNAP2 (ITAPE OT2PF ! FUNIY . TTY TAFPES:-ITAPE TAPER:=OTAPE 1§
1 . TAPEB=FUNI TAZESY-1TY)

PPRL R E T IO P IO T IO PPIILINIPPICIPINCLAEPOPOIROIIOIOIIPOIIOEITYOROASSETDES

VMNAPRZ . a4 CCMPUTER FROGRAM FCR THF CCMPUTATICN COF TWO DIMENSIONAL.,
TIVE-DEPENDENT, COMPRESSIBLT, TURRBRULENT FiOw

"BY MICHAEL C. CLINE, T1-3
LOS ALAMOS NATIONAL LABORATORY
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PRGGRAM ARSTRAZY
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=4

3

O

[

129
120

134

C THE NAVIFR-STOKLS FQUATIONG TUX TWO-DIMENSTIONAL, TIME -
¢ OFPENDENT FLOW ARFE SCLVED USING THE SECUND ORUER. MACCORMACK
c FINITE DITFERCNCE SCHEME .  ALL COUNDARY CONDITIGNS ARE COMPJTED
C USING A SECCND-ORDER, RFFERENGE PLANE CHAKACTERISTIC SCHEME
¢ WLTH THE VISCOUS TERYMS TREATLD AS SOURCE FUNCTIONS. THE FLUID
c IS ASSUMED TU CE A PERFECT GAS. THE STEADY-STATE SOLUTION 1S
c OBTAINED AS THE ASYMPTOTIC SOLUTION FOR LARGE TIME. THE FLOW
c BEOUNDARIES MAY BE ARBITRARY CURVLD SOLID WALLS AS WELL AS FREE
o JET ENVELOPES. THE GEOMLTIRY MAY CONSIST OF SINGLE AND DUAL
C FLOWING STREAMS  TURCULENCE EFFECTS ARE MODELED WIIH FITHER
c A MIXING LENGTH, A TUQBULENCE ENERGY EQUATION, OR A TURBULENCE
c ENCRCY-DISSIPATION RATE EQUATIONS MODEL. THIS PROGRAM ALLOWS
c VARIABLE GRID SPACING AND INCLUDES OPTIONS 10 SPEED UP THE
c CALCULATION FOR HIGH REYNOLDS NUMBER FLOWS.
o
DIMENSION TITLE(10)
*CALL ,MCC
NAMLLIST /CNTRL/ LMAX MMAX NMAX, NPRINT,TCONV,7OT,FOTI.FDT?.VOT
! .VOT1,GAMMA RGAS,TSTOP, [UI, TUO, [PUNCH NPLOT ,LPP 1, MPP 1, LPP2. MPP2
2 .LFP3 MPPJ NASM,NAME NCONVI, TUNIT,PLOW,ROLOW. [VPTS
NAMELIST /1VS/ NID,U.V,P.RO,Q,E,UL,VL,PL,ROL.QL.E1 ,RSTAR,RSTARS
1 NSTART, ISTART
NAMELIST /GEMTRY/ NDIM,NGEQM,XI.RI,RT,XE,RCI,RCT,ANGI,ANGE . xW[, Y¥]
t ,NWPTS TINT,IDIF, YW NXNY,JFLAG, LUET
NAMELIST /GCBL/ NGCB.RICB.RICB.RCICB,RCTCB,ANGICE, ANGECB. XCBI ., YCB]
1 ,NCBPTS,IINICB,IDIFCB, vCB,NXNYCB
NAMELIST /BC/ NSTAG,PT,TT,THETA,PTL, TTL THETAL .PE.PEL.PE].NPE . UL
! .VI.PI,ROI UIL.VIL,PIL,ROIL, TW,TCB,TL, TU,ISUPER, INBC. IWALL, [WALLO
2 JUINLET TEXITT IEX,IVBC,NOSLIP, DYW,IAS.ALI ALE. ALW
NAMELIST /AVL/ CAV, XMU,XLA,PRA,XRO,LSS.LSF,MSS.MSF,IDIVC, [SS.SMACH
1 NST_SMP, SMPF,SMPT SMPTF . NTST. [AV
NAMELIST /RVL/ CMU,.EMU,CLA.ELA,CX,EK
NAMELIST /TURBL/ 1TH4,IMLM,CMLt, CML2,CAL.COL.COMU.C1.C2.51G0.SIGE
1 .BFST.FSQ.FSE FSQL,FSEL ,QLOW,ELOW, LPRINT . MPRINT PRI, STBQ. STRE
NAMEL [ST /DFSL/ MOFS.LDFSS LOFSF NDFS, YU, YL ,NXNYU,NANYL . XUT . XI |
t .YUI YLI NUPTS.NLPTS, I1INTOFS,IDIFOFS
NAMELIST /VCL/ 1ST XP,vI ,MVCB,MVCT.NVCMI,IQS.NIOSS.NINSF,CQS. ILLOS
t .S9S
c
C SET THE ARRAY SIZES FCR SPECIFVING IHE INPUT OEFAULT VALUES
c
LD=LI
MD=MI
c
c SET DEFAULT VALUES
c
10 TCONV:0.0
TSTART=0.0
THETA(1)=0.0
CAV=0.0
XMU=0_ 4
XLA=1.G
PRA=(.7
XR0O=0.6
LSS=1
LSF=939
MSS=1
MSF =253
SMACH=0.0
IDiVC=D
1SS=0
1C=C.0
CMU=0 ©
CLA=0.D
CK=0.0
EMU=0.0
ELA=D.0
EK=0D.0
RSTAR=0.0
RICB=0.0
RTCB=C.0
RSTARS:0.0




135
136
137
130
139
140)
14

147
1471
144
145
146
147
148
149
199
19
192
19523
1954
155
1956
157
158
159
160
161

162
153
164
165
166
167
168
167
170
171
172
171
174
179
176

PI{1)1=0.0
TT(1):0.0
DELSMP -0, 0
DMt -0 0
CML -0 0
CML2-0.0)
PIL-0.0
1T1L-0.0
THFIAL 0.0
ult -0 o
vit=0.9
PIL=0.0
ROIL:0.0
PeEty)-ta 7
PE(2)--1 O
PEL:O.O
PEL=0 O
HNPE -¢)
TMUX-O O
10¢-0.0
E:ST-0.0
cL=0 0
TMUtX-0 0
T™MUtr-0 O
ALLI-O O
ALE - O
AlW=0 O
FOTLI-0.0
ISTOP-1. 0O
CMUMS =1 O
SMP = 1.0
SMPF =1 O
SMPT-=t O
SMPTF-1 0O
FDT1-1 O
FOT1-0.9
vOT-0.25
vori-o 2%
NATM-
LR IO R
POIM-
TEx- 1
NOONVT -t
Tur -1

Juer -
Lt
N.rM:

| FIE CR |
T M-y
MIST =t
NRTAC-O
MNAME -0
IFUNCH O
MGOR O
A Y

b RN o

— a

Yy N £
f
s X

I
3
NS
n
ra
v
My
My

“»
"

.



R X 5

EYRE LT,

94

207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250

252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
2€8

270
271
272
273
274
275
276
277
278

20

IWALL=0
IWALLO=0
1B=0
LOFSS=0
LDFSF=0
MDFS=0
LPRINT=0
MPRINT=0
1v8C=0
INBC=0
LPP1:0
1QS=0
NIQSF-0
1AvV=0
I1ST=0
LDUF=0
MDUF =0
NTC=0
TINT=2
1D1F=2
TINTCB=2
IDIFCB=2
TINTDFS=2
IDIFOFS=2
1LLQOS=30
GAMMA=1 .4
RGAS=53.35
NPLOT=-1t
G=32.174
PC=144.0
LC=12.0
PLOW=0.01
ROLOW=0.0001
DYW=0.00t
CAL=1.0
CQMU=0.09
Ci=1.44
Cc2=1.8
SIGQ=1.0
SIGE=1.3
SQS=C.5
€Q5=0.001
NIQSS=2
FSOL=0.0001
QLOW=0.0001
FSEL=0.1
ELOW=0.1
PRT=0.9
STBQ=0.0
STBE=0.0
1STOP=0

D0 20 M=1,MD
uUI(M)=0.0
VI{M)=0.0
PI(M)=0.0
ROI(M)=0.0
FSQ(M}=0.0001
FSE(M)=0.1
CONT INUE
DO 30 L=1.LD
YCB(L)=0.0
YL(L)=0.0
Yy(L)=0.0
NXNYCB(L)=0.0

NXNYL(L)=0.0

NXNYU(L)=0.0




279
280
281
232
283
284
285
286
287
2es
289
290
291
292
293
294
295
2938
297
298
299
300
3921
302
303
304
305
306
307
308
309
310
318
312
313
314
315
316
317
318
319
320
32
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

aono

[ Xy N3]

oo

30

40
SC

60

PLIL.1)=0.0
ROL(L,1)=0.0
PLIL,2):0.0
ROL(L.2)=0.0
TWiLl)=-t.0
TCB(L)=-1.0
TLIL)=-%.0
TUlt)=-1.0
00 30 M=1,MD
Q(L.M, 1)30.0
EfL .M. 1)=0.0
0(L.M,2):0.0
E(L.M 2):0.0
CONTINUE

READ IN INPUT DATA

READ (S, 1370) TITLF
IF (EOF(S)) 40,50
CALL EXTT

READ (5.ciTRt)
READ (5.1vS)

READ (5.GfMIRY)
READ {(S5,GCBL)
READ (5,8C)

READ (5.AvL)

READ (S5,RVL)

READ (S.TURBL)
READ (S.DFSL)
RFAD (5,vCL)

1F (NAMF _EQ.0) GO 10 60
WRITE (6,CNTRL)
WRITE (6,1VS)
WRITE (6.GEMIRY)
WRITE (6,.GCBIL )
WRITE (6,BC)
WRITE (6.AVL)
WRITE (6,RVL)
WRITE (6,TURRL)
WRITE (6. DFSL)
WRITE (6.vCL}

PRINT INPUT DATA

WRITE (6,1380)
WRITE (6, 1310)

WRITE (6.1400)

WRITE (6, t420)

WRITE (6,1430)

WRITE (6,1390)

WRITE (6.1440) TITLE

WRITE (6.1390)

WRITE (6.1450)

NPRIND~ABS(FLOAT(NPRINT))

IF (FOTI.EQ.0.0) FDTI=FDT

WRITE (6.1460) LMAX MMAX NMAX,NPRIND.NPLOT,FDT, FDT1,FDTI, IPUNCH
1 .JUI.JUO.IVPTS . NCONVI . TSTOP N1D.TCONV NASK, IUNIT .RSTAR.RSTARS
2 ,PLOW,ROLOW,VDT, VDT

WRITE (6.1390)

IF (IUI.EQ.1) WRITE (6,1470) GAMMA RGAS

IF (IUI1.EQ.2) WRITE (6,1480) GAMMA RGAS

WRITE (6, 1390)

WRITE (6, 1490)

IF (NDIM.€Q.Q) WRITE (6.1500)

IF (NDIM.EQ.1) WRITE (6.1510)

CALCULATE THE GEOMETRY RADIUS AND SLOPE
Li=LMAX-1
L2:=LMAX-2

L3=LMAX-3
M1=MMAX -1
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351
352
353
354
355
356
357
358
359
360
361
362
363
354
365

367
368
369
37¢C
371
372
373
374
375
37,
377

393
394

413
a4
415
416
417
418
419
420
421
422

70

80
90

100

110

120

130

140)

160

170

190

200

M2 MMAX -2
MDFSM1=MDFS- 1

MDFSP1=MOFS* 1

MMAXD=MMAX -MDF S
CHECK=ABS(CMU)+ABSICLA)+ABS(CK)

IF (NGEOM.NE.3) GO 10 70

xl=xwi(1)

XE=XWI(NWPTS)

DXx=(XE-XI)/FLOAT(L?)

OY=1.0/FLOAT(M1)

IF (1ST.NE.O) GO 10 90

DO 80 L=t LMAX

XP{L)=XI+FLOATI(L-1)+Dx

CONT INUE

XP(1)=x1

XP(LMAX )=XE

WRITE (6,1390)

CALL GEOM

IF (1ERR.NE_O) GO TO 10

xicB=x1

XECB=XE

IF (NGCB.EQ.O.AND.MDFS _EQ.0) GO TO 140
IF (NGCB.NE.O) CALL GEOM™MCB

I¥ (IERR.NE.O) CO 1O 10

IF (MDFS.NE.O) CAlL GECMLU

IF (1A5.€Q.C) GO 1O 110

1F (LDFSF.EQ.LMAX)} €D 10 100
NANYLILDFSF )=0. S {NANYL{LOFSF }sNXNYU(LDFSF) )
NYNYULLDFSF ) =NXNYL(LDFSF)

If (LDFSS.EQ.1) GO 10 110
NYNYL{LDFSS}=0.5¢ (NXNYL{LDFSS)*NXNYU(LDFSS))
NINYULLDF 55 ) =NINYL{LDFSS)

LT=1

YO=YWE1)-YU{1)sYL( 1} YCB(1)

DO 130 L -1,iLMAX

IF {NCIM.FQ.0) YY=vwILI-YUILIsvYL(L)-YCB(L)

IF (NOIM_ EQ. 1) YY:YW{L)oe2-YUIL I eD4vL{L}r*2-vCS{L}.D

IF (YY.GY.0.0) GO 10 129
WRITE (6.1610)

G3 10 10

IF (YY_ LT Y0O) LT=

IF (LY .EQ.L) vO-vY

CONT INUE

CONTINUE 5SET LS AMO PRINTING OF INPUT DATA

GAMI=GAMMA/ (GAMMA -1 _0O)
GAM2=(GAM4AA-1.0),2 O
GAM3=({GAMMAS Y O)/(GAMMA-1_ 0O)
IF (PE{2).NE.-1.0) GO 10 160
DO 150 M=-2 MMaXx

PE(M)-PE( 1)

CONT INUE

PEL=PE( 1)

IF (MDFS.NE.O.AND.LDFSF.NE.LMAX) PEL=PE(MDFS)
IF (NSTAG.NE.O) GO TO 180
DO 170 M=2 MMAX

PT(M)=PT(1)

TI(M)=TTLY)
THETA(M)=THETA( 1)

CONT [NUE

OTL=FT(1)

TIL=TT(1)

THETAL=THETA( 1)

I¥ (ISUPER_NE.ZI) GO TQ 120
PTIMODFS)=PTL

TT(MDYS)=TTL
THETA(MDTS) - vHETAL

IF (ISUPER.NE.2) GO TO 200
PI(MDFS)=PIL

WRITE (6, 1389)

IF (IUL.EQ.1) WRITE (6. 1580)



423
424
425
426
427
478
429
470
a7t
432
433
434
435
476
47
a3
a3y
440
441

442
443
444

445
446
447
aas
449
450
451

452
453
454
455
456
457
458
459
460
461

462
463
464
465
466
467
468
469
470
471

472
473
474

475
476
477
478
439
480
481

482
483
484

485
436
487

488
489
490
491

492

493
494
435
496

non

o0on

220

230

240

250

260

1

1

1

IF (IU1.£0.2) WRITE (6. 1590)
DO 210 M=-1 MMAX
IF (M.EQ.MDFS. AND.LDFS3.£Q0.1) WRIIL (6,1600) M_PTL,TTL . THETAL .OEL
LFSNL FoEL
WRLTE (6, 16G0) M PTAM) TT(M), THEFALM) PEIM) FSO(M) FSF(M)
210 CONTINGE .
WRITE (6,2020) TINUFT TEYITT TEX, ISUPER.NYW. IVRC, INRC. IWALL , IWALLG
AL ALE ALW NSTAG NPF L PFI
(NOSLIP.FQ O) WRITE (6,1840)
IF (NNSLIP.NF.O) WRITE (6.1a350)

IF

WRITE (6,1390)

TF (TWE1) LT O.0.AND IWALL.FO.O) WRITE (6, 1890)
(TWI1).GE 0.0) WRLITIE (6. 1900)

1f

WRITE (G, 1390)

WRITE

1t

CTCRET) LT 0 O AMD NGEE NE.C) WRITE (6, 1910)
(TCRU1) GE.O.0) WRITEL (6, 1940)

tMOE S

€. 0) GO
CILELT, GF . O,

(1 i

O )
(rney.ar ooy
(6, 1390)
IF (Ttt1y.Lr.oo
t1ut1) GE.0.0)
WRITE (6,1390)

wiRITE
WRITE

WRITE
WRIITE

1o 220
UR NGCE.NE O) WRITE (6, 1390)
(6,1220)
{6.1950)

IF (SMP LT.0.0) SMF-0.0

IF (SMFF _LT.0.0) SMPF-0.0

IF (SMP_GT 1 Q) SMP-1. O

IF (SMFF . C1.1.0) SMPF-1.0Q

WRITE (6,1830) CAV.!MU,XLA.PRA.XRC.LSS.LSF.lDlVC.lSS.SHACH.NST,S“P
.SMPF [ SMPT SMPIF NISGT JAV _MSS MSF

WRITE (6.1390)

H
IF
1f
1F
IF
IF

WRITE (6,1390)

IF
IF
IF
IF
IF
IF

(G6.1930)
(6,.1960)

(CMLY . MNE.O.G.OR.CML2.NE.O.QO) GO 10 230
(NOIM.EQ.0) CML1=0.125
(NDIM. EQ).O) CMLZ:0 125
(NDIM._NE . O) CML1=0.11

(NDIM NE O) CML2-0.11

(CUL.NE.O.0) GO 10 240
coL=17 2
IF (NUIM.NE O) CQL=CQL +*0.625/0.875
IF (IUT.EQ.1) WRITE
IF (1Ul.EN.2) WRITE

LITM.
(1M,
(I1m,
(1M,
(ITMm,
ALK

EQ
ECQ
€EQ
£qQ
EQ
€Q

.0)
1)
.2)
.2)
.3)
.3)

.STBQ,.STBE

WRITE (6.139C)

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

16, 186C)
(6,1870)

(6,1970)
(6.1380)
(6,.1920)
(6.2000)
(6.2010)
(6,2030)

CMU,CLA . CK _ EMU,ELA . EK
CMU,CLA CK,EMU,ELA EK
CAL ., IMLM,CML 1 CML2,PRT
CAL.CQL.CQMU, IMLM,CML1,CML2.PRT

CAL.CQMU,C1,C2,S1GQ.SIGE,BFST PRT

WRITE (6,2040) IST . MVCB.MVCT . I1QS.NIQSS . NIOSF ,NVCMI , ILLOS.S0OS.COS

CHECK THE WALL OPTIONS

IVCE=0
1F (UFLAG.£Q.0) GO 1O 250
15 (LUET.LE.2.0R.LJET.GE.Lt) IVCE=1t
IF (NOSLIP.NE.O) IVCE=1
IF (IWALL.NE.O) IVCE=1
If (IVCF.€Q.0j GO JO 250

WRITE (6.2150)

GO TO 1C

IF (ISUPER.CE.O) GO TU 260
WRITE (6,2140)

GO TO 10

CHECK MIXING-LENGTH TURBULENCE MODEL

IF (ITM_NE.1} GO TO 300

IF (MDFS.NE.O) GO TOD 280

IF (IMLM.EQ.1) GO TO 270

IF (NOSLIP.EQ.O) IVCE=1

IF (NGCB.NE.O.ANO.IWALL.EQ.0) IVCE=1
IF (NGCB.EQ.O.ANO.IWALL.NE.O) IVCE=1
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98

497

499
500
501
502
$03
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
£30
531
532
533
534
535
536
537
538
539
540

000

(2 X2 N32)

541 -

542
543
544
545
546
547
548
549
550
551
552
553
S54
555
596
557
558

559

560
561
562
563
564
565
566
567
568

O oo

270

20
290

300

310

320

330

340

350

GO T0 290

IF (NOSLIP.NE.O) IVCE=1

IF (NGTB.EQ.O.AND.IWALL.NE.O) IVCE-O
GO 10 290

IF (NGCB.NE.O.OR.IWALL.EQ.O) IVCE=t
IF (IVCE.¥Q.0) GO 1O 300

WRITE (6.2050)

GO 70 10

CHECK THE DUAL FLOW SPACE AND VARIABLE GRID PARAMETERS

IF (MVCB.NE.O.AND.MVCT .NE.O) IVC=1
IPz-1

CALL MAP

If (1ERR.NE.O} GO TO 10

MDFSC20

IF (MI.FS.GE.MVCB.AND .MDFS.LE.MVCT) MDFSC=1
IF (MDFS. EQ.0) LDFSS=0

IF (MOFS.E£0.0) LDFSF=0

IF (MDFS.EQ.0) GO TO 320

IF (LDFSS.EQ.1) GO TO 310

IF (TL(LDFSS).G1.0.0) TL{1)>TLILDFSS)

IF (TUCLDFSS).CT.0.0) TU(13=TU(LDFSS)

IF (MDFS.E0.2.0RQ.MDFS.EQ.MMAX-1) IVCE=1

1F (LDFSS.EQ.2.0R.LDFSF.EQ.LMAX-1) IVCE=1
IF (ISUPER.GE.2.ANU.LDFSS.NE.1) IVCE=1
CLOFSS=ABS(YUILDFSS)-YL(LDFSS))/YL(LDFSS)
CLOFSF-ABS(YU(LDFSF)I-YL(LDFSF))/YL(LDFSF)
IF (LDFSS.NE.$.AND.CLDFSS.GT.0.001) IVCE=1
IF (LDFSF.NE.UMAX_AND.CLDFSF.GT7.0.001) 1VCE=?
IF (JFLAG.EQ.1.AND.LUET . LE.LDFSF) IVCE=1
1F (IVCE.EQ.O)} GO TO 320

WRITE (6.2060)

GO 70 tO

CHECK THE SUBCYCLED GRI1D PARAMETERS

IF (1VC.EQ.O}) GO 10 35S0

MVCB1=MVCB s 1

MVCT t=MVCT -1

1F (NVCMI . EQ O) GO 1O 330

I11=NVCM]/2

112=(NVCM]+1)/2

IF (I11_EQ.T12) IvCE=t

If (IVCE.EQ.O) GO TO 330

WRITE (6.2070)

GO TO 10

IF (MVCB.EQ.1.AND.MVCT _EQ.MMAX) [VCE=1
IF (MDFS.EQ.O) GO TO 340

IF (MVCT_LT._MDFS- 1. OR.MVCB.GT_MDFS+1) GJ 10 340
IF (MVCE . £EQ.MDFS+1.0R.MVCT EQ.MDFS-1) IVCE-1
IF (MVCB.GT.MDFS-2) IVCE-=1

IF {MVCT.LT . MDFS+2) IVCE=1?

+F (IVCE.EQ.O) GO TO 350

WRITE (65,2080}

GO T0 10

IF (MVCB.ENQ.2.OR_MVCT _EQ._MMAX-1) IVCE=?
IF (MVCT-MVCB.LT.2) TVCE-1

IF (IVCE.FN.0) GO TO 350

WRITE (6,2090)

GO 10 10

CHECK THE QUICK SOLVER PARAMETERS

IF (IVC.£Q.0) 10S=0

1IF (10S5.€EQ.0) GO TO 370

1F (NIUQSF.EQ.0) NIQSF=NMAX

IF (NOSLIP.EQ.O) IVCE=1

1F (MVCT.EQ.MMAX _AND.IWALL .NE.O) IVCE=1
IF (MVCB.SQ.1.AND.NGCB.£0Q.0) IVCE=1

IF (MDFS.EQ.O0) GO TO 360

IF (MVCB.GT.MUFS.OR.MVCT LT _MDFS) IVCE=1{



599

601
602
603
604
605

607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627

629
630
631
632
633
634
635
636
637
638
639
640

anon

o000

360

370

380

390

400

410

420
430

440
450

460
470

480
490

If (IVCE €0.0) GO TO 370
WRITE (6.2130)
GO 70 10

CHECK FOR ZEROD VALUES OF Q AND E - SET THE DEFAULT VALUES

IF (ITM.LE.1) GO TO 390

IF (NSTART.NE.O) GO TO 350

00 380 L=1,LMAX ,

IF (OL(L.1).LE.0.0) Q_(L.1)=FSQL

IF (EL(L.1).LE 0.0) ELIL.1)=FSEL

DO 380 M=1,MMAX

IF (Q(L.M,1).LE.0.0) QUL .M, $)-FSQ(M)
IF (E(L.M. 1) LE.O.0) C(L.M, 1)=FSE(M)
CONTINUE

CONVERT METRIC UNITS TO ENGLISH UNITS

IF f1Ul . EQ.1) GO TU S40
RSTAR=RSTAR/2 54
RSTARS=RSTARS/6.4516
PLOW=PLOW/6.£2948
ROLOW=ROLOW/ 16.02
CMU=CMU/47_.88/1 . 8s*EMU
CLA=CLA/47.88/1.8%¢ELA
CK=CK*0. 125/1.8e¢fK
RGAS=RGAS/S.38032
XT=XT/2.54

RT=*RT/2 54

XI=X1/2.54

XE=XE/2.54
X1CB=XICB/2.54
XECB=XECB/2 S4
DxsDx/2.54

DO 400 L=1_LMax
XP(L)=XxP(L)/2.54
YW{L)=YW(L}/2.5¢
YCB(L)=YCBI(L)/2.54
YL(L)=YL(L)/2.54
YULL}=vU(L)/2.54

CONT INUE

DO 410 M=1 MMAX
PT(M)=PT(K)/6.8948
PE(M)=PE(M)/6.8948
TT{M)=TT(M)*1._8

CONT INUE

PTL=PTL/6.8948
PEL=PEL/6.8948
PE1=PE]1/6.8948
TTIL=TTLe*1.8

IF (TCB(1).LT.0.0) GO YO <30
DO 420 L=t LMAX
TCB(L)=TCBI(L)*1. 8

CONT INUE

IF (TW(1).LT.0.0) GO T0 450
DO 440 L+t LMAX
TW(LY=TW{L)*1.B
CONTINUE

IF (TL(1).LT.0.0) GO TO 470
DO 460 L=t LMAX
TLIL)=TL(L)*1 8
CONTINUE

1IF (TUC1).LT.0.0) GO TO 490
D0 480 L=1_ LMAX
TUlL)=TU(L)*1.8

CONT INUE

IF (ISUPER.EQ.O) GO 1O S20
DO 500 M=1 _MMAX
UT(M)=ul(M)/0.3048
VI(M)=VvI(M)/0.3048
PI{M)=PI(M)/6.8348
ROI(M)=ROL(M)/16.02



100

641

N

~

W
[aNaNaNaNeNs]

681
6R2
683
684
685
€86
687
6883
689
690
691
692
693
694
695
696
€97
698
699

701
702
703
704
705
706
707
708 C
709 C
710 C
711
712

500

510
520

530

540

550

560

580
580

CONT iNUE
UlL=uiL/0.3048
VIL=VIL/0.304R
PIL=PIL/6.8948
ROIL=ROIL/16.02
OLOW=0QLOW/0.0929
ELOW=ELOW/0O 0929
FSQL=FSQL/0.0929
FSEL=FSEL/0.0929

DO 510 Mz 1 _MMAX
FSQ(M)=FSQ(M)/0.0929
FSE(M):=FSE(M)/0.0929
CONT INUE -
IF (N1D.NE.O) GO TD 5S40
IF (NSTART.NE.O) GO 10 540
DO S30Q L=1_,LMAX
uL(L.1)=uL(L,.1)/0.3na8
VL(L,.1)=VL(L,.%)/0.3048
PLIL.1)=PL(L.1)/6.8948
ROL(L,t)=ROLIL,.1)/16.02
QL(L,1)=0QL(L,1)/0.0929
EL{L,t)-ELIL,1)/0.0929
DO S30 M- MMAX

UL .M 1)=U(L M, 1)/0.3048
VL. M 1)=VIL. .M 1)/0.3048
P(L .M, 1)=P(L.M 1)/ 894%
RO(L . M_1)=RO(L .M _1)/16.02
QUL .M 1)=0(L .M 1)/0.0929
E(L. M, 1)=E(L.M 1)/0.0929
CONT INUE

CONVERT [NPUT DATA UNITS TO INTFRNAL UNITS THE INTFRNAL UNITS
ARE P=LBF/FT2, RO-LBF-S2/FT14, X=YCGB-VL-YU-YW-INCHFS, Y-

UIMENSIONLESS, DT=IN-S/FT, MU-LA-IRBF S INJFTY, K-LRF-IN/S R FT,
Q-F12/S2, £~F12/53, TML=INCHES. U=V-FI/S, AND RGAS-LRF TT/LBM-R.

1IF (IUNIT.FQ.0) GO TO S50
PC=1.0

Lc=1.0

G=1.0

TCONV=TCONV/100.0
T=TSTARTLC
TSTOP=TSTOP+LC
CMy=CMULC

ClAa=CLA-LC

CK=CK*1C

DO 560 t=1,LMAX
XWIlL)=0.0

CONT INUE

DO 570 M=t MMAX
PT{(M)=PT(M)ePC
PE(M)=PE(M]}PC
THETA(M)=THETA(M)+0.0174533
CONTINUE

PTL=PTL*PC

PEL=PELPC

PEI=PELl-PC
THETAL=THETAL+*0.0174533
IF (NIC.NE.O) GO TO 590
00 580 t=1,LMAX
PLIL,1)=PLIL, 1)PC
ROL(L,1,=ROL(L,1)/G

DO 580 M= 1 MMAX

P(L. M. 1)=P(L.M 1)ePC
RO(L .M, 1)=RO(L M, 1)/G
CONTINUE

RG=RGAS+G

FILL THE ARRAYS AT L=1 WITH THE INFLOW BOUN ARY CONDITIONS

If (ISUPER.EQ.O0) GO TO 620
DO 600 M= MMAX



754
755
756
757
758
759
760
761
762

764
765
766
767
768
769
770
771
772
773
774
775
776
777
178
779
780
781
782
783
784

ono

a0n

o000

o0n

€600

€10

620

630

640

650

LI

IF (ISUPER.EQ.2.AND.M.GE.MDFS) GO TO 600
IF (ISUPER.EQ.3.AND.M.LT .MDFS) GO 10 600
U1, M, 1)=U0I(M) :
V(1,M,1)=VI({M)

IF (NSTART.EQ.O) P(1.,M_1)=PI(M)ePC
RO(1.M,1)=RO1(M)/G

U1, M, 2)=U(1,M,1)

VIT.M 2)=v(1. M, 1)
P1.,M.2)=P(1,M, 1)
RO(1,M,2)=RO(1 .M, 1)

CONTINUE

If (ISUPER.EQ.3) GO TO 610
uLlt,1)=uIL

VLT, 1)=VIL

IF (NSTART.EQ.O) PL(1,.1)=P.L+PC
ROL(1,1)=ROIL/G

uL(s,2)=uL(t,1)

VL1, 2)=vL(t. 1)

PL(1,2)sPL(1, 1)

ROL(1,2)=ROL{1,1)

GO TO 620

PT(MDFS)=PTL

TT(MOFS)=TTL

THETA(MOFS )=THETAL

ZERD VISCOUS TERM ARRAYS

DO 630 L=1,LMAX
QuUTL(L)=0.0
QVTL(L)=0.0
QPTL(L)=0.0
QROTL(L)=0.0
QQTL(L)=0.0
QETL(L)=0.0

DU 630 M=1_MMAX
QUIIL.M)=0.0
OVTIL . M)=0.0
QPTIL . M)=0.0
QROT(L . M)}=0.0
QQT{L.M)=0.0
QET(L.M)=0.0
CONTINUE

IF (N'D.EQ.O) GO TO 640

COMPUTE THE 1-D INITIAL-DATA SURFACE

CALL ONEDIM
IF (1ERR.NE.Q) GO TO 10

COMPUTE THE INITIAL-DATA SURFACE MASS FLOW AND MOMENTUM THRUST

IF (NFRINT . GT.0) GO 10 650
NPRINT=-NPRINT

GO 10 730

CALL MASFLO

PRINT THE INITIAL-DATA SURFACE

1P=0

00 720 1U=1.2

If (IUD.EQ.1.AND.IV.EQ.2) GO TO 720
IF (IUD.EOQ.2.AND.IU . EQ.1) GO TO 720
NLINE=0

WRITE (5, 1380)

WRITE (€.1520) TSTART _NSTART

WRITE (6.1530)

1F (IVU.EQ.1) WRITE (6.1540)

IF (IU.£Q.2) WRITE (6, 1550)

WRITE (6,1390)

DO 710 L=1 LMAX

LMAP=1

YT {MDFS.NE.O) 1B=3
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785
786
787
788
789
790
791
792
793
794
795
796
797
798
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801
802
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804
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807
808
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813
814
815

816

817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834

836
837
838
839
840
841
842

844
845
846
847
848
849
850
851
852
853
854
855
856

a0on

660

670

680

630

700

710

720

730

740

IF (L.NE.1) WRITE (6, 1880)

IF (L.NE.1) NULINE=NULINE+1

LOFS=0

IF (L.GE .LDFSS.AND.L.LE.LDFSF) LDFS=1
D0 710 M=1 MMAX

MMAP =M

CALL Map
IF (M_NE.MDFS_OR.LDFS.EQ.O) GO TO 670
IMDFS=0

VELMAG=SORT(UL(L, 1)es24VLIL, 1)v2)
XMACH=VELMAG/SQRT(GAMMAPL(L . 1)/ROLIL. 1)}
PRES=PL(L.1)/PC

RHO=ROL(L, $)*G
TEMP=PL(L. 1)/ (RHO*RGAS)

XPP=XP(L)

up=LLIL, 1)

vP=vLIL. 1)

GO 10 680

IMDFS=1

IB=4

CALL MaAP
VELMAG=SORT(U(L .M, t)ee2+V(L M 1)e+2)
XMACH=VELMAG/SQRT(GAMMA*P(L .M _1}‘RO(L .M 1))
PRES=P{L .M, 1)/PC

RHO=RO(L .M. 1)G
TEMP=PIL .M, 1)/RHO/R iAS

XPP:XP(L)

UP=U(L .M 1)

VP=V(L M 1)

1F (IU.EQ.1) GO TO 630

XpPP=XP(L)*2.54

YP=YP+2.54

UP=UP+0.3048

VP=vP+0.3048

PRES=PRES*6.8948

RHO=RHO* 16.02

VELMAG=VELMAG*0.3048
TEMP=TEMP+5_.0/9.0

NLINE=NLINE+1

IF (NLINE.LT.S4) GO T0 700

WRITE (6.1380)

WRITE (6,.1520) TSTART _NSTART

WRITE (6,1530)

IF (IU.EQ.1) WRITE (6.1540)

IF (IU.£Q.2) WRITE (6,1550)

WRITE (6,1390)

NLINE=1

WRITE (6.1560) L M XPP _YP UP VP PRES,RHO,LVELMAG, L XMACH, K TEMP
IF (M_NE.MDFS.OR.LDFS.EQ.0) GO T0 710
IF (IMDFS_EQ.0) GO TO 660

CONTINUE

IF {IUD.NE.3) GO TO 730

COMTINUE

IF (NPLOT.LE.O) GO T3 740

CALL PLOT (TITLE.TSTART _NSTART, IVPTS)
WRITE (6.1810) NSTART

1F (NMAX.EQ.O) GO TO 10

SAVE THE SOLUTICN FOR THE EXTENDED INTERVAL TIME SMOOTHING

IF (NTST.EQ.1) GO TO 760
DO 750 L=t LMAX
ULS(L)=uL(L. 1)
VLS(L)=vL(L. 1)
PLS(L)=PL(L, 1)
ROLS(L)sROL(L,1)
oLs{L)=QL(L.1)
ELS(L)=EL(L.Y)
DO 750 M=1 MMAX
US(L.M)=U(L .M, 1)
VS(L.M)=V(L. .M. 1)
PS(L.M)=P(L .M 1)



922
923
924
25
26
927
928
928
930

000

000

[aNeNsg]

750

760

770

T80

ROS(L.M)=RO(L .M, 1)
QS(L . M)=Q(L.M 1)
ES(L.M)=E(L M 1)
CONT INUE

INITIALIZE THE TIME STEP INTEGRATION LOOP PARAMETERS

RIAXD =NMAX
Ni=z1

N3:=2

0OM=0.0
NCONV=0

NC=0

N C=0

NED=0

LDUM= 1
DtR=1.0/DX
DfR=1_.0/0DY
DYRS=DXR*DXR
DYRS=DYR*DYR
YDT=1.0/VDT
VDI1=1.0/VDT1
FDTD=FDT
FOT=FDT1

1F (NST.NE.O) DELSMP=(SMPF-SMP)/FLOAT(NST)
IF (NST_NE.O) DSMPT=(SMPTF-SMPT)/FLOAT(NST)

INTST=0

MYCTD=MVCT+ 1

IF (NASM.NE O.AND. LT .NE.1) LDUM=LT-1t
WRITE (6,1400)

LPPID=LPP1
LPP1=1ABS(LPP1)

IF (JFLAG.EQ.Q) GC T0 770
LO(1)=U(LJET- 1 MMAX Nt}
VO )=VILJET- 1 MMAX N1)
FOU1)=P(LJET-1 MMAX N1t)
RCO( 1)=RO(LJET -1 MMAX _N1)
vo(2)=uon(t)

v0{2)=vOD(1)}

FD(2)=PDL( 1)

RCO(2)=ROD( 1)

ENTER THE TIME STEP INTEGRATION LOOP
CO 1250 N=1 ,NMAXD

IF (N.EQ.2) FDT=FDTD

SUD=SMP DI L SMP

SHPT=SMPT+DSVMPT

12SD=2

IF (INS.EQ.O0) GO YO 780

IF (N_.GE_.NIQSS.AND N_LE _NIQSF) 1QSD=10QS

CALCULATE DELTA T

1e=1
LeaAM=0.0

00 810 L=2.11

LMAP =L

IF (MDFS.NE.O) IB=3

LCFS=0

1f (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS=1
OxXP1=XP(L)-XP(L-1)
CR2=xXPIL+1)-XP(L)

T DXP=AMINI(DXPS DXP2)

790

800

00 810 M=2 M1

IF (IVC.£Q.0) GO 70O 790 .

1F (M.GE . MVCB.AND . M_LE_MVCT) GO 10 810
IF (M.NE_MDFS_OR.LDFS.EQ.Q) GO TO 800
13=4

GJ 10 810

i P - M

caLlL MaAp

DYP3=DY/BEJ
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931
932
LU 21
a3
RUR AL
930
937
938
939
940
941
Q42
943
944
ais
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
861
962
963
964

966
967
968
969
970
871
972
973
974
975
976
977
878
979
980
981
982
983
984
985
986
987
988
989
990
991
$92
993
994
295
996
997
998
Q99
1000
1001
1002

104

(s Ne Nl

o000

810

320

830

840

DYPI=DY/BEf
QYP:AMING(DYP3 018 1)

AR AL 2, 803

A SURTIGAMMAPLL M, MNI1) ROLL _M_NI))
UPA-CALSTULL .M NI A) /OXP eV T o [ MUY
VIOL-AGSTULL .M _NT)-ABRIV(L M N1))
AST=SQRT(AL3*At 3+BEI*BL3),1r(3
UPA2=(VIOL*AST«AN/DyP+VDT« ' MUY
UPA=AMAX1(UPAY UPAZ)

IF (UPA_LE.UPAM) GO 10 B1IC

UPAM-UPA

Lou=tL

MDU=M

CONT INUE

CALCULATE DELTA T FOR THME SURCYCLFD GRID

IF (IVC.EQ.O) GO 10 8GO

IF (NVCMI_EQ.0) GO 1C 820

IF (IQS.NE.Q.ANU.ICQSD.EN.O) GO TO 820
NVCM=NVCMI

NVCM 1 =NVCM+ 1

CNUMS=0.0

LDUF =Q

MDUF =0.0

GO TO 860

UPAMF =0.0

DO B40 L=2.L1t

LMAP=L

IF {MDFS.NE.Q) IB=3

LOFS=0

IF (L.GE.LDFSS AND.L.LE.LDFSF) LDFS=1
DXP1=XP(L)-XP{L-1)
DXP2=XP(L*1)-XP(L)
DXP=AMINI{DXP1 0OXP2)

DO 340 M=MVCB1 MVCT1

IF \M.NE_MDFS.OR.LDFS.EQ.O) GO TO 820
18=4

GO TO 840

MMAP =M

CALL MaP

DYP3=DY/BE3

DvP4=DY/BE4

DYP=AMIN1(DYP3.D7P4)

ABR=AL3/BE3
A=SQRT(GAMMASP(L .M _N1)/RO(L.M N1))
UPA1=(ABS{U(L M _N1))+A)/DXP+VDT 1+TMUIX
VTOL=ABS{U(L . M_N1)*2BR+VI(L M N1)})
AST=SQRT(AL3+AL3+BE3-BE3)/BE3

IF (10SD.NE.O) AST=AST-1.0
UPA2=(VTCL+AST*A)/DYP+VDT 1eTHU Y
UPA=AMAX{1{UPA1 UPA2)

IF (UPA.LE.UPAMF) GO TO 840

UPAMF =UPA

LDUF=L

MDUF =M

CCNTINUE

DETERMINE THE NUMBER OF SUBCYCLES

XNVCM=UPAMF/ (UPAMSFDT 1)
NVCM=0

Is-1

IF (XNVCM.LE.200.0) GO TO 850
IF (N.EQ.1) GO TO 8SC
NP=NeNSTART

WRITE (6.2100) NP

NMAX =N

NVCM=XNVCM

DT=70T/UPAM

GO 10 1110

850 I=1+2



1003
1004
1005
1006
1007
1008
1009
1011)
1011
1012
1013
1014
1015
1016
1017
1018
10tQ
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1024
1035
1036
1037
1038
1039
1030
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
10¢8
1059
1060
1061
10G2
1063
1064
1065
1066
1067
1058
1069
1070
1071
1072
1073
1074

[s N2 Ng]

aO0ON

[N gNe]

860

830

870

90O

910

IF (XNVCM.LE . FLOAT{T1)) NVCM=]
IF (NVCM FQ.0O) GO 7O BRSO
NVCM 1 =NVCM+

CNUMS = XNVCMFLOATINVCM)
DT=FDI/UFaAM

T=T+DT1

IF (T.LT.TSTOF) GO TO 870
T-1-07 .
Di=T510P-7

T=15710P

IS5T0P =1

FRINT N.T AND DT

NPD=NPD 1
NC=MC vt

MNPC-NPC4+ 1

TMUX=0.0

TMUY=0.0

TMU1X-0.0

TMUIY-0.C

IF (NPD.NE_1D) GO TO 8|90
NP=N+NSTART

TIME=T/LC

DTIME=DT/LC

WRITE (K,1820) NP TIME _ DTIME HNVCM,CNUMS, LOU. MOU, LDUF MDUF
NPD=0

BEGIN THE SUBCYCLE LOQP

D0 1010 NVC=1 "vTMY
RIND-FLOAT(NVC-2)/FLOAT(NVCM)
RINDI1=FLOAT(NVC 1)/FLOATINVCM)
IF {NYC.NE.2) GO TO 8930
DT=DT/FLOAT(HVCM)

CALCULATE THE PREDICTOR SOLUTIOM

18-t

IF (TWSD.NE.O.AND.NVC.NE. ) CALL QSOLVE

IF {IERR.NE O} GO 7O 1:00

IF (CAV.NE.QO.O.CR.CHFECK._NE._O.0) CAtl ViSsCOUS
IF (IERR.NE.O) GO TO 1100

ICHAR=T

IB=1

CALL INTER

IF INVC._GT. 1 AND _MYCT.MNE MMAX) GO TQ 900

IF (NVC.FQ. 1 AND MUCT _EQ.MMAX) G TO 900
CALL wALL

IF (IEFR.NE.O) GO TO 1090

1F (NGCB.EQ.O) GO T0O 910

IF (NVC.GT_ 3 . AND MVCB.NE.!) GO T0 St

IF (NVC.EQ.1.AND MVCB.EG. 1) GU TU 910

IB=2

CALL WALL

1F (TERR.NE.O) GO 70 1030

IF (LDFSS . NE. 1 CR (NVC.EQ. 1 AND . MTFSC.NE.OQ)) CALL INLET
IF (LDFSF.NE.tMAx CRU(NVC.EQ. 1 AND.MOFSC.NE.O)) CALL EXITT
IF (1ERR.NZ.U) GO TO 1039

CALCULATE THE DUAL FLOW SPACE BOUNCARY PREDICTOR SOLUTION

IF (MDFS.EW.Q) GO TO 920

IF (NVC.EQ.1.AND.MCFSC.NE.C) GO TO 920
IF (NVC.GT.{.AND . MVCT_LT.MOFS) GO TO 220
IF (NVC.GT.1_AND . MVIB.GT.MDFS) GO TD 920
1B=4

CALL walLlL

IF (1ERR.NE.O) GO TO 1090

IF (LDFSS.EQ.1) TALL INLET

IF (LOFSF.EQ.LMAX) CALL EXITT

IF (JERR.NE.O) GO T2 1090
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1075 CALL SWITCH (2)

1076 18:3
1077 CALL WALL .

1078 IF (I1ERR NE.O) GO 10 1080

1079 IF (LOF5S.E€Q.1) CALL IMLE!

1080 If (LDFSF EQ.LMAX) CALL EXITT

1081 IF (IERR.NE.Q) GO TO 1680

1082 C

1083 C CALCULATE THE CURRECTOR SOLUTION

1084 C

1085 920 IF (ITM.GE.2) CALL TURBC (3)

1086 ICHAR-2

1087 18 1

1088 CALL INTER

1089 IF (NVC.GT. 1. AND.AVCT.NE.MMAX) GO TO 930
1090 IF (NVC EQ.1.AND.MVCT.EQ.MMAX) GO TO 930
1091 CALL WALL

1092 IF (1ERR.NE.O) GO TO 1070

1093 930 IF (NGCB.EQ.D) GO TO 940

1094 IF (NVC.GT.1.AND.MVCB.NE. 1) GO 10 940
1095 IF (NVC.EQ.1.AND.MVCB.EQ.1) GO TO 940
1096 18=2

1097 CALL wALL

1098 IF (IERR.NE.O) GO 10O 1070

1099 940 IF (LDFSS.NE.1.OR.(NVC.EQ.1.AND.MOFSC.NE.O))} CALL INLET
1100 IF (LDFSF.NE.LMAX.OR.(NVC.EQ.1.AND.MDFSC.NE.O)) CALL EXITT
1101 IF (1ERR.NE.O) CO TO 1070

1102 2

1103 € CALCULATE THE DUAL FLOW SPACE BOUNDARY CORRECTOR SOLUTION
1104 €

11(53 IF (MDFS.EQ.O) GO TO 950

1106 IF (NVC.EQ.1.AND.MDFSC.NE.O) GO TO 950
1107 IF (NVC.GT.1.AND.MVCT.LT.MOFS) GO 10 950
1108 IF (NVC.GT.$_AND.MVCB.GT.MODFS) GO TO 950
1109 1B=3

1110 CALL WALL

1111 IF (IERR.NE.O) GO TO 1080

1112 IF (LDFSS.EQ.1) CALL INLET

1113 IF (LDFSF.EQ.LMAX) CALL EXITT

1114 IF (1ERR.NE.O)} GQ TO 1080

1115 CALL SWITCH (2)

1116 18=4

1117 CALL waLl

t118 IF (1ERR.NE.O)} GO TO 1090

1119 IF (LOFSS.EQ.1) CALL INLET

1120 IF (LOFSF_EQ.LMAX) CALL EXITT

1121 IF (I1ERR.NE.Q) GO TO 1090

1122 C

1123 C SET THE SUBCYCLED GRID END CONDITIONS
1124 ¢

1125 950 IF (NVCM1_EQ.1) GO TO 1010

1126 IF (NVC.EQ.1) GO TO 990

1127 IF (NVC.EQ.NVCM1) GO TO 970

1128 IF (LPPID.GE.Q) GO TO 960

1129 PCDUNM=PC

1130 IF (IUD.EQ.2) PCDUM:=PC/6.8948

1131 PPP1=P(LPP 1, MPP 1 N3)/PCOUM

1132 PPP2:=P(LPP2 MPP2 N3)/PCDUM

1133 PPPJ=P(LPP3 MPPJ N3)/PCDUM

1134 WRITE (6,211C) NVC,LPP1,MPP1 PPP1 _LFP2 MPP2 PPP2,.LPP3 .MPP3 PPP3
1135 960 If (ITM.GEZ.2) CALL TURBC (2)

1136 NNN=N1

1137 N1=N3

1138 N3=NKN

1139 GO TO 1010

1140 970 DT=DT+*FLOAT(NVCM)

1141 IF (MYCTD.GE.MMAX) GO TO 1010

1142 DO 980 L=1, LMAX

1143 U(L.MVCTD N3)=UU2(L)

1144 V(L .MVCTD,N3)}=vV2(L)

1145 P{L.MVCTD N3)=PP2(L)

1146 RO(L .MVCTD.N3)=ROR0O2(L)
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1147 Q(L.MVCTD,M3)=022(L)
1148 E L.MVCTD,N3)=EE2(L)
1143 980 CONTINUE

1150 GO TO 1010

11351 990 NN{t=N?

1152 NN3=N3

1153 IF (MVCTD.GE.MMAX) GO TO 1010
1154 DO 1000 L=1, LMAX

1155 UUT(L)=U(L ,MVCTD . Nt)
1156 VVI(L)=Y(L MVCTD N1)
1157 PP1(L)=P(L.MVCTD,N1)
1158 RORO1{(L)=RO(L ,MVCTD ,N1)
1180 QO1(L)=Q{L,MVCTD.N1)
1160 EE1(L)=E(L.,MVCTD.NY)
1161 UU2(L)=U(iL ,MVCTD.N3)
1162 vv2(L)=V(L.MVCTD,N3)
1163 PP2(L)=P(L.MVCTD.N3)
1164 RORO2(L)*RO(L ,MVITD,N3)
1165 0Q2(L)=Q(L . MVCTD,N3)
1166 EE2(L)*E(L.MVCTD.N3)

1167 1000 CONTINUE
1168 1010 CONTINUE

1169 C
1170 C PRINT THE PRESSURF AT THE THREE REQUESTED POINTS
1171 C

1172 IF (LPP1.£Q.0) GO TO 1040

1173 NP=N+NSTART

1174 PCOUM=PC

1175 IF {1UD.€0.2) PCDUM=PC/6.8948

1176 PPP1=P(LPP 1 .MPP1,N3)/PCDUM

1177 PPP2=P(LFP2 ,MPP2 N3)/PCOUM

1178 PPPI=P(LPPI MPP3 N3 )/FCOUM

1179 IF (N.GT.NST) GO TO 1030

11P0 IF (NTST.GT.0C) GO 710 1030

“181 IF (N.GT.2) GO TO 1020

1182 IF (N.ED.1) PC2-PPP:

1183 IF (N.E£Q.2) PC3=PPP{

1184 GO TU 1030

1185 1020 PCt=PC2

1186 PC2-PC3

1187 PC3=PPP 1

1188 IF ({PC3-PC2)+(PC2-PC1).LT.0.0) NIST=-1
1189 IF (INTST.EQ 3) INIST=0O

1190 IF (INTST.EQ.2) INTST=3

1191 " 1F (INTST.EQ.1) INTSI=2

1192 IF (INTST.EQ.O.AND.NTST.NE.O) INTST=t
1193 IF (INTST.KE.1) NIST=0

1194 1030 WRITE (6.2120) NP LPP1 MPP1 PPP1, LFP2 ,MPP2 PPP2, LPP3,MPP2, PPF3
1195 1 NTST

1196 1040 IF (N.LE.NST) CALL SMCOTH

1197 IF (NTST.EQ.-1) NIST=0

1198 IF {(ITH.GE.2) CALL TURBC (1)

1199 C

1200 C DETERMINE THE MAXIMUM (DELTA U)/U

1201 C

1202 IF (TCONV.LE.O0.0) GO TO 1060

1203 DOM=0.0

1204 DO 1050 L=LDUM, LMAX

1205 DO 1050 M=1,MMAX

1206 IF (U(L.M,N1)_EQ.D.0) GO TO 1050

1207 DQ=ABS((U(L.M _N3)-U(L M. N1))/U(L .M ,N1))
1208 IF (DQ.GT.DQM) DUM=DQ

1209 1050 CONTINUE

1210 €

1211 C CHECK FOR REQUESTED PRINTING OR PLOTTING
1212 C

1213 1060 IF (DQM.GE.TCONV) GO TO 1110

1214 NCONV=NCONV+ 1

1215 IF (NCONV.EQ.1) NCHECK=N-1

1216 IF (NCONV.GE.NCONVI) NC=NPRINT

1217 IF (NCONY.GE.NCONVI) NPC=NPLOT

1218 IF (N.GE.NCHECK*NCONVI) NCONV=0
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108

1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290

o000

aoaa

GO i0 1110

1070 IF (MDFS.EQ.0) GO TU 1090
1080 CALL SWITCH (3)
1090 N3=N1
1100 NMAX=N
IF (NVC.GE.2) DT=DTFLOAT(NVCM)

1110 IF (N.EQ.NMAX) NC=NPRINT
IF (N.EQ.NMAX) NFC=NPLOT
1F (ISTOP.NE.Q) NC=NPRINT
IF (ISTOP.NE.O) NPC=NPLOT
IF (NC.EQ.NPRINT) GO YO 1120
IF (NPC.EQN.NPLOT) GO 10 1220
GO 1O 1240

COMPUTE THE SOLUTION SURFACE MASS FLOW AND MGMENTUM THRUST

1120 ICN=0Q
IF (JFLAG.EQ.0) GO TO 1130
IF (LY.NE.LJET-t) GO YO 1130
UDUM=U(LT ,MMAX ,N3)
RODUM=RG(LT ,MMAX ,N3)
U{LT MMAX N3)=UD(3)
RO(LT MMAX N3)=ROD(3)
ICN={

1130 CALL MASFLO
IF (ICN.EQ.O) GO TO 1140
U(LY MMAX N3)=UDUM
RO(LY ,MMAX ,N3) =RODUM

PRINT THE SOLUTION SURFACE

1140 [P=0
DO 1210 1U=1,2
IF (1UD.EQ.1.AND.IU.FQ.2) GO TO 1210
IF (IUD.EQ.2.AND.I1U.EQO.1) GO TO 1210
NLINE=D
WRITE (6,1380)
TIME=T/LC
DTIME=DT/LC
NP=N+NSTART
WRITE (6.1570) NP, TIME,DTIME NVCM, CNUMS,LDU,.MDU. LOUF .MDUF
WRITE (6,1530)
IF (JU.EQ.1) WRITE (6.1540)
IF (1U.EQ.2) WRITE (6, 1550)
WRITE (6, 1390)
DO 1200 L=1,LMAX
tMAP =L
IF (MOFS.NE.O) 1B=3
IF (L.NE.t) WRITE (6, 1880)
iF (L.NE. 1) NLINE=NLINE+1
LDFS$=0
IF (L.GE.LGFSS.AND.'..LE .LDFSF) LOFS=1
DO 1200 M=1{ MMAX
MMAP =M
CALL wap
IF (M_NE.MDFS.OR.LDFS.EQ.0) GO TO 1160
IMDF S0
VELMAG=SORT(UL(L N3)*+2+VL(L.N3)*<2)
XMACH=VELMAG/SQRT(GAMMA«PL(L . N3 )/ROL(L.N3))
PRES=PL(L,N3)/PC
RHO=ROL(L,N3)+G
TEMP=PL(L.N3)/(RHO*RGAS)
XPP=XxP{L)
UP=UL(L.N3)
VP=VL{L.N3)
GO TO 1170
1150 IMDFS=1
IB=4
CALL Mmap
1160 VELMAG=SQRT(U(L.M N3)*e2+sV(L M ,N3)++2)



1291 XMACH=VELMAG/SQRT(CAMMA+P(L M N3)/RO(L .M _N3))

1292 PRES=P(L.M,N3)/PC
1293 RHO=RO(L.M,N3)+G

1294 TEMP=P (L ,M_N3)/RHO/RGAS

1295 XPP=XP(L)

1296 UP=U(L .M ,N3)

1297 VP=V(L M N3}

1298 1170 IF (IU.C0O.1) GO TO 1180

1299 XPP=zYP(L)+2.54

1300 YP=YPe2 54

1301 uP-uUP«0.3048

1302 VP=VP+0. 3048

1303 PRES=PRES+G.8948

1304 RHO=RHQO+ 16.02

1305 VELMAG=VELMAG+0. 3048

1306 TEMP=TEMP+5,0/9.0

1307 1180 NLINF=NUINE+ 1

1308 IF (NULINE.LT.S4) GO 10 1190

1309 WRITE (6.1380)

1310 WRITE (6.1570) NP TIME.DTIME,NVCM, CNUMS,LDU,MOU, LDUF , MDUF
1311 WRITE (6,1530)

1312 IF (IVU.EQ.1) WRITE (6,1540)

1313 1F (1IU.EQ 2) WRITE (6,1550)

1214 WRITE (6,1390)

1315 NLINE=1

1316 1190 WRITE (6,1560) L.M XPP_ YP UF.VP,PRES,RHO,VELMAG, K XMACH, TEMP
1317 IF (M.NE_MDFS.OR.LDFS.EQ.O) GG 1G 1200
1318 IF (IMDFS.E0.0) GO TO 1150

1319 1200 CONTINUE

1320 If (IUD.NE.3) GO TQ 1220

1321 1210 CONTINUE

1322 C

1323 C CENERATE THE FILM PLOTS

1324 C

1325 1220 IF (NPLOT.LT.0) GO 10 1230

1326 1F (NPC.NE.NPLOT) GO TO 1230

1327 TIME=T/LC

1328 NP :N+NSTART

1329 CALL PLOT (TITLE.TIME NP, 1VPTS)
1330 WRITE (6.1810) NP

1331 C

1332 C CHECK FOR CONVERGENCE OF THE STEADY STATE SOLUTION
1333 €

1334 1230 IF (DQM.LT.TCONV) GO TO 1260

1335 IF (ISTOP.NE.O) GO TO 1260

1336 IF {(N.EQ.NMAX) GO 10 1260

1337 IF (NC.EQ.NPRINT) NC=0

1338 1F (NPC.EQ.NPLOT) NPC=Q

1339 1240 NNN=N{

1340 N1=N2

1341 N3=NNN

1342 1250 CONTINUE

1343 C

1334 C PUNCH(WRITE) A $1IVS NAMELIST FOR RESTART
1345 C

1346 1260 IF (NPLOT.GE.O) CALL ADV (10)

1347 IF (IPUNCH.£Q.0) GO TO 10

1348 DO 1270 L=t LMAX

1349 PL(L,N3)=PL(L,N3)/PC

13350 ROL(L,N3)=ROL(L,N3)+G

1351 DO 1270 M=t MMAX

1352 P(L.,M,N3)=P(L,M,N3)}/PC

1353 RO(L .M, N3)sRO(L .M ,N3)+G

1354 1270 CONTINUE

1355 WRITE (8.1620) NP,1IME

1356 DO 1280 M=1 ,MMAX

1357 WRITE (8,1630) M, U(1.,M N3)

1558 WRITE (8,1650) (U(L.N,N3),L=2,LMAX)
1359 1280 CONTINUE

1360 DO 1290 M=t MMAX

1361 WRITE (8,1660) M, V(1 ,M,N3)

13€2 WRITE (8,1650) (V(L.M,N3),L=2,LMAX)

9363 1290 CONTINUE
1364 DO 1300 M=1 ,MMAX
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WRITE (8,1680) M. P(1,M N3)
WRITE (8,170C) (P(L.M.N3) L=2 LMAX)
1300 CONTINUE
DO 1310 M={ MMAX
WRITE (8,.1710) M _RO(1 .M ,N3)
WRITE (8,1730) (RO(L.M_N3). L=2.LMAX)
1310 CONTINUE
IF (1ITM.LE.1) GO 10O 1340
D0 1320 M=1 MMAX
WRITE (8,1740) M,Q(1.M,N3)
WRITE (8,1760) (Q(L.H,N3),L=2,.LMaX)
1320 CONTINUE
IF {ITM_EQ.2) GO TO 1340
DO 1330 M= MMAX
WRITE (8,1750) M,E(1.,M N3)
WRITE (8,1760) (E(L.M,N3),L=2. (MAX)
1330 CONTINUE
1340 IF (MDFS_EN.O) GO TO 1350
LOFSSP1=LDFSS+
WRITE (8,1640) LDFSS.UL(LDFSS,.N3)
WRITE (8,1650) (UL(L.N3),L=LDFSSP{ LDFSF)
WRITE (8,1670) LDFSS.VL(LDFSS.N3)
WRITE (8,1650) (VL(L.N3),L=LOFSSP1,LDFSF)
WRITE (8,1690) LDFSS.PL{LDFSS,N3)
WRITE (8.1700) (PL{L ,N3),L=LDFSSPY,LDFSF)
WRITE (8,1720) LOFSS.ROL(LDFSS.N3)
WRITE (8.1730) (ROL(L.N3),L=LDFSSPt.LDFSF)
IF (ITM.LE. 1) GO TO 1350
WRITE (8,1770) LDFSS.QL(LDFSS.N3)
WRITE (B8,1760) (QL(L.N3).L*LDFSSP1, LDFSF)
IF (ITM.£Q.2) GO TO 1350
WRITE (8,.1780) LOFSS.EL(LDFSS.N3)
WRITE (8.1760) (EL(L.N3).L=LDFSSP1.LDFSF)
1350 WRITE (8,1790)
NCARDS=(LMAX/7+2)*MMAX 442+ DFSF-LDFSS
WRITE (6,1800) NCARDS
GO 7O 10

FORMAT STATEMENTS

1370 FORMAT (10A8)

1380 FORMAT (tH1)

1390 FORMAT (~H )

1400 FOURMAT (1HO)

1410 FORMAT (1HO, 10X ,47THVNAP2, A COMPUTER PROGRAM FOR THE COMPUTATION ©
! .SSHF TWO-DIMENSICNAL, TIME-DEPENDENT, COMPRESSIRLZ. TURBULENT , SH
2 FLOW,//37X.57HBY MICHAEL C. CLINE, T-3 - LDS ALAMOS NATIONAL LAGO
3RATORY)

1420 FORMAT (1HO, 10X, 1BHPROGRAM ABSTRACT -.//26X, 17THTHE NAVIER-STOKES.6
1 2H EQUATIONS FOR TWO-DIMENSIONAL, TIME-DEPENDENT FLOW ARE SOLVED,
2 1CH USING THE,/,21X,63HSECOND-ORDER, MACCORMACK FINITE-DIFFERENCE
3 SCHEME. ALL BOUNDAR,3tHY CONDITIONS ARE CGMPUTED USING,/.21X, 13HA
4 SECOND-ORDE.62HR, REFERENCE PLANE CHARACTERISTIC SCHEME WITH THE
SVISCOUS TERM, 19HS TREATED AS SOURCE)

1330 FORMAT (1M ,20X.41HFUNCTIONS. THE FLUID IS ASSUMED TO BE A ,54HPE
IRFECT GAS. THE STEADY-STATE SOLUTION IS ORTAINFD AS./.21X.624THE
2ASYMPTOTIC SCLUTICN FOR LARGE TIME. 7HE FLCW BCUNDARIES M_34HAV B
3E ARBITRARY CURVED SOLID WALLS,/,21X,62HAS WELL AS JET ENVELOPES.
4 THE GECMETRY MAY CONSIST OF SINGLE ,36HAND DUAL FLOWING STREAMS.
STURBULFNCE./. 21X ,62HEFFECTS ARE MODELED WITH EITHER A MIXING-LENGT
6H, A TURBULEMCE ,32HENERGY EQUATION, OR A TURBULENCE ./, 21X ,62HENER
7GY-DISSIPATION RATE EQUATIONS MODEL. THIS FROGRAM ALLOWS .34HVARI
8ABLE GRID SPACING A*'D INCLUDES,/.21X, {7THOPTIONS TO SEED JSOHUP TH
9E CALCULATION FOR HIGH REYNOLDS NUMBER FLOWS.)

1440 FORMAT (1HO, 10X, 11HJOB TITLE -//21X,10A8)

1450 FORMAT (1HO, 10x ,20HCCNTROL PARAMETERS -)

1460 FORMAT (INO.20!.5HLMAX*.!2.2X.5HMMAX=.12,3:_5HNMAX=_14.2x_7HNpglnr
1=.14.2K.6HNPLOT=.14.6x.4HFOI=.Fd.2.2X.5HFDTI-.F4.2.3X.5HFDTI=.F4‘2
2 .zx.7HIPUNCH=.l1./.Q'A.AHIUI=.11.4x.4H1u0=.x1.sx.eHIVPrs=.x1.4x.7
3 HNCONVXx.12.4x.6Hrsrop=.ea.2.2x.4u~10-.12.4x.enrco~v=.r5.3,|x.5HN
4ASNH.Ii.SX.GHXUNlT=.l1./.2!X.6HRSTAR=.F11.6.2X.7HRS!ARS=.F|3.7.4x,
5 5HpLow=.F6;4.5x.6HR0L0w=.F11.6.5x.4Hvor=.rt_2.3x.snvnr1=.r4.:)
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1470 FORMAT (1HO, 10X, 13HFLUID MODEL -,//21X,36HTHE RATIQ OF SPECIFIC HE
1ATS, GAMMA = F6.4,26H AND THE GAS CONSTANT, R =,F9.4.15H (FT-LBF/L
2BM-R))

1480 FORMAT (1HO, 10X, 13HFLUID MODEL -,//21X,36HTHE RATIO OF SPECIFIC HE
1ATS, GAMNA = F6.4,26H AND THE GAS CONSTANT, R = ,F¢.4,9H (J/KG-K))

1490 FORMAT (1HO, 10X, 1SHFLOW GEGMETRY -)

1500 FORMAT (1HO,20X,47HTWO-DIMENSIONAL, PLANAR FLOW HAS BEEN SPECIFIED
1)

151C FORMAT (1HO,20X,36HAXISYMMETRIC FLOW HAS BEEN SPECIFIED)

1520 FORMAT (1H ,30HINITIAL-DATA SURFACE - TIME = .F12.6,8H SECONDS,4H
1{N= .16, tH})

1530 FORMAT (1HO, 11X, 1HL.4X, 1HM, 39X, 1HX, 10X, tHY, 10X, tHU, 11X, 1HV, 12X, 1HP,
1 11X, 3HRHO.7X,4HVMAG, 10X, 4HMACH, 8X, 1HT)

1540 FORMAT (1H ,25X,4H(IN),7X . 4H(IN).6X,SH(F/S) 7X SH(F/S).7X.6H(PSIA)
t ,6X,9H(LBM/FT3),4X,5H(F/S), 10X, 2HNO,8X, 3H(R))

1550 FORMAT (1H ,2SX,4H(CM),7X,4H(CM) 6X,5HIM/S),7X SH(M/S),TX.6H (KPA)
1 ,7X,7TH(KG/M3) ,5X . SH{M,/S ), 10X, 2HNO,8X,3H(K})

1560 FORMAT (1H ,7X,215.4F12.4,F13.5.F12.6.3F12.4)

1570 FCRMAT (1H ,20HSGLUTION SURFACE NO..16.3H - ,7HFIME = ,F12.8,.20H S
1ECONDS (DELTA T = _F1G.8,8H, NVCM =, 13,9H, CNUMS =.F5.2.3H, (.I2.1
2 H,,12.4H), (,12,1H,,12,2H)))

1580 FORMAT (1HO, 10X,21HBQUNDARY CONGCITIONS -,//22X, tHM, 10X.8HPT(PSIA),
1 11X ,SHTT(R), 10X, 1OHTHETA(DEG), 10X, BHFE(PSIA), 7X, 1 tHFSO(FT2/52),7X
2 [ t1HFSE(FT2/S3)./)

1590 FORMAT (1HO, 10X, 2 1HBOUNDARY CONDITIONS -.//22X, tHM, 10X, THFT(KFA), 1
1 2X,SHTT(X), 10X, ICHTHETA(DEG), 10X, THPE(KPA) ,8X, 10HFSQ(M2/52) .8X, 10
2 HFSE(M2/53)./)

1600 FORMAT (1H .20x.12.7X.F10‘4.10&.&'7.2.10)&.”.2,9)(.5‘|1.S.F18.4.F18.1
1)

1610 FCRMAT (1HO,S51Heeeee THE RADIUS OF THE CENTERBODY IS LARGER THAN T
1 ,20HHE WALL RADIUS ¢evse)

1620 FORMAT (1X,18HS$IVS N1D=C NSTART=,[6,.8BH.TSTART=,F14.10. 1H,)

1630 FORMAT (1X,4HU(1,,12,5H,1) = F10.3,1H,)

1640 FORMAT (1X.3MUL(.12.5H.1) = ,F10.3,1H,)

1650 FORMAT ({1X,7(F10.3,.1H.)))

1660 FORMAT (11X ,4HV(1,,12,5H,1) = F10.3,1H,)

1670 FURMAT (1X,3MVL(.12,5H,1) =.F10.3.1H,)

1680 FORMAT (1Xx.4HP(1,,12,5H,1) =.F10.4, {H,)

1690 FORMAT (11X, 3HPL(,12.5H,1) =.F10.4,1H,)

1700 FORMAT ((1X,7(F10.4, 1H,)))

1710 FORMAT (1X.SHRO(1Y.,12,5H.1) =, F10.6, 1H.)

1720 FORMAT (1X,4HROL(,I2,SH,1) = F10.6,14,)

1730 FORMAT ((1X,7(F10.6,1H.)))

1740 FORMAT (tX,.4HQ(1,,12,5H.1) = . E10.4.1H.)

1750 FORMAT (1X,4HE(4,,12,5H,1) =.E10.4.1H,)

1760 FORMAT ({1X,7(E10.4,1H,)))

1770 FORMAT (1X,.3HQL(,12.5H,1) =_£10.4,1H.)

1780 FORMAT (1X,JHEL(,I2,5H,1) =_E10.4,1H,)

1790 FORMAT (11X, 1HS)

1800 FORMAT (1HO,27Hees«+ EXPECT APPROXIMATELY ,14,20H PUNCHED CARDS ¢+
fess)

1810 FORMAT (1HO,31Hessse EXPECT FILM OUTPUT FOR Nx,I6,.6H ssevs)

1820 FORMAT (1H ,10X,2HN=,16,5H, T=,F12.8,144 SECONDS, DT=.Fi0.8.8H S
1ECONDS, 94, NVCM =13, 10H, CNUMS = FS5.2,4H, (,12,1H,.12.5H). (
2 . 12,1H,.12,1H))

1830 FCRMAT (1HO, 10X,21HARTIFICAL VISCOSITY = //21X 4HCAV=,F4. 23X, 4HXM
iua,rd.2,3x.4HXLA-.F4.2.3x.4HvRA-.F‘.2.3x.4HxR0ﬂ,F4.2.3x.4HLSS'.12.
2 SX,4HLSF=.I3.3X,6HIDIVC=,11.3X 4HISS= 11,3X,6HSMACH=,F4.2./,21X.4
3 HNST=,14,.3X,4HSMP=_F4 .2 3X,SHSMPF=_F4.2 ,2X,5HSMPT=,F4.2,2X,E6HSMPT
4F= F4.2 1X SHNTST= 14, ,2X 4HIAV=,11,5X, 4KMSS=, 12, 4X 4HMSF=_12)

1840 FORMAT (1HO,20X,29HIREE-SLIP WALLS ARE SPECIFIED)

1850 *OR/MAT (1HD,20X,27HNO-SLIP WALLS ARE SPECIFIED)

1860 FCRMAT (1HO,10X,2 {HMOLECULAR VISCOSITY -,//21X 4HCMU= . E10.4. 18H (L
1EF-S/FT2) CLA=_E11.4,17H (LBF-S/FT2) CK=,E10.4,16H (LBF/S-R) EM
2U=_,F4.2,6H ELA= ,F4.2,5H §£K=.f4.2) B

1870 FORMAT ({HO. 10X,21HMOLECULAR VISCOSITY -_//21X_ 4HCMU= .E10.4.13H (P
14-S) CLA=_E11.4,12H (PA-S) CK=_E10.4.14K {W/M-K) EMU= F&4_.2,6H
2ELA= F4.2.5H EK=,F4.2)

1880 FORMAT (tH 10X 48H---cccmcmmmmc e et ccccaccemeanaaea
LR A L e R L L T DU
2 TH------- }

1890 FORMAT (1H ,20X,33HADIABATIC UPPER WALL IS SPECIFIED)

..

rx
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1900 FORMAT (tH _20X.1SHTW IS SPECIFIED)

1910 FORMAT (1H _20X,39HAODIABATIC LOWER CENTERBODY 1S SPECIFIED)

1920 FORMAT (1H _20X.44HADIABATIC LOWFR DUAL FLOW SPACF BOUNDARY IS .9H
1SPECIFIED)

1930 FORMAT (1H ,20X,44HADIABATIC UPPER DUAL FLUW SPACE ROUNDARY IS ,9H
1SPECIFIED)

1940 FORMAT (1H ,20X, t6HTCE 1S SPECIFIED)

1950 FORMAT (1H ,20X,1SHTL IS SPECIFIED)

1960 FORMAT (tH 20X, 15HTU 1S SPECIFIED)

1970 FORMAT (1HO, 10X, 1BHTURBULENCE MODEL -,//21X.21HNO MODEL IS SPECIFI
tED)

1980 FORMAT ( 1HO, 10X, 1BHTURBULENCE MODEL -.//21X,3BHMIXING-LENGTH MCOEL
1t TS SPECIFIED, CAL= F4.2,2X ,S5HIMLM=, 12, 2X SHCML 1= FS. 3, 2X,SHCML2 =
2 .F5.3.2X ,4HPR = F4.2)

1990 FOPMAT (1110, 10X, 1BHTURBULENCE MODEL -,//21X,45HTURBULENCE ENERGY E
TQUATION MODEL IS SPECIFIED)

2000 FORMAT { 1HO.20X,4HCAL= ,F4.2.2X ,4HCOL =, F5.2,2X SHCOMY= FA4_ 2, 2X SHIM
1LM=,12,2X,5HCML 1= FS.3,2X,5HCML 2= ,F5.3,2X 4HPRT=_F4 2)

2010 FORMAT ¢ 1HO, 10X, 1BHTURBULENCE MODEL -.//21X,62HTURBULENCE ENERGY -
1 DISSIPATION RATE EQUATIONS MODEL IS SPECIF,3HIFD)

2020 FORMAT (1HO,ZOX,7HIINLET= T1,2X, THIEXITT= [1,2X 4HTEX=,T11,5X, THISU
IPER=,11,2X,4HDYW= F6.4 2X SHIVBC=,11,2X ,5HINBC=,11,2X AHIWALL= 11,
2 2X, 7THIWALLO=, 11 2X 4HALI= _F4.2 2% 4HALE= F4.2,/.21X 4HALW= F4.2,2
3 X,6HNSTAG=,11,3X,4HNPE=,14 2X,4HPELI- F10.5)

2030 FORMAT (1HO,20X ,4HCAL= F4.2,2X,5HCOMIS= F4 .2 2X ,3HCI= F4.2,2X, 3HC2=
1 ,F4.2,2X_.SHSIGO=,F4.2 ,2X,SHSIGE=_F4.2,2X SHBFSI= F4.2 2X 4HPRT=
2 ,FA.2,2X,5HSTBQ=,F6.4,2X ,SHSTBE=,FG.4)

204C FORMAT ( 1HO, 10X, 26HVARIARLE GRID PARAMETERS -.//21X 4HI5T= 11,375
t HMVCB=,12,3X SHMVCT=_,12,3X,4HIQS=,11.3X 6HNINSS=_11,3X EHNIQSF =
2 . I1,3X,6HNVCME=_13,3X,6HILLOS=,12,3X 4HSNS= F5.2.3X 4HCQS=,F5.3)

2050 FORMAT (1HO 63Heeees INCOMPATIRLE TURBULENCE MODEL - GEOMETRY PARA
IMETERS eeeee)

2060 FORMAT (1HO.StHess e
1) .

207C FORMAT {(1HO,29He¢+eee NVCMI MUST F 0ODD +eeee)

2080 FORMAT (1HO 52Hese+e INCOMPATIBLE DUAL FLOW SPRUE
1 ,16HPARAMETERS evose)

2090 FOPMAT (1HO,.SCHe*see INCOMPATIRLE SURCYCLED GRID PARAMETFRS eoeee)

2100 FORMAT (1HO,36Mesvee NVCM [S GREATER THAN 200 AT N= ,16.34H. CHECK
1LAST SOLUTICN FLANE. esece)

2110 FORMAT (1H 13X, 4HNVC=,I3,5X 2HP( .12, 1H,  12,211)= F10.5,5X. 2HP{ 12,
1 tH, . 12,2H)=_F10.5,5X ,2HP( (12, 1H, 12 .2H)= F10.5)

2120 FORMAT (14 10X 2HN=, (6 13X 2HP{ 12, tH,  12,2H)= ¥ 10.5.5X . 2HP( .12, 1
1 H, . 12,2H)=_F10.5,5X 2HPL . 12 ,1H, .12, 24)= [F10.5,5% SHNTST=,15}

213C FORMAT (1HO ,4BHevsee [NCOMPATIBLE QUICK SCLVER PARAMEIERS evevrs)

2140 FORNAT (1HO,S3Hesvss ISUPER MUST BE GREATER THAN OR EQUAL TO O s-»
1e+)

2150 FORMAT (1HO, GSHeeeoe
AINDITIONS veses)
END

TNCOMPATIELE DUAL FLOW SPACE PARAMETERY eesee

- SUPCYCLED GRID

INCOMPATIBLE WALL GFGMETRY AND/OR BOUNDARY CO



1559 SUBROUTINE GEOM
1560 C

156' C "0'0..0"'.'."..0"0"00..O"0.00"0'.'O".Q..OO.'.'Q".".O
1562 C

1563 C THIS SUBROUTINE CALCULATES THE WALL RADIUS AND SLOPE
1564 C

‘565 C .t‘..‘00."..000‘.'00"""‘0000"0.00"0'00‘.'.'Q'O.‘O"Q.'..
¢566 C

1567 <CALL,MCC

1568 GO TO (10,30,120,170), NGEOM

1569 C

1570 C CCNSTANT AREA WALL CASE

1571 C

1572 10 WRITE (6.230)

1573 1F (IUI.EQ.1) WRITE (6.250) XI.RI.XE

1574 IF (IU1.EQ.2) WRITE (6.260) XI.RI_XE

1575 LT=LMAX

1576 XT=XE

1577 RT=R]

1578 RE=RI

1579 DO 20 L=1,LMAX

1580 YW(L)=R1

1581 NXNY(L)=0.0

1582 20 CONTINUE

1583 GO TO 210

1584 C

1585 C CIRCULAR-ARC, CONICAL WALL CASE

1586 C

1587 30 WRITE (6.230)

1588 IF (RCI.EQ.0.0.0R.RCT.EQ.0.0) GO TO 200

1589 ANI=ANGI*3.14i593/180.0

1590 ANE=ANGE*3.141593/180.0

1591 XTAN=XI+RCI*SIN{ANI)

1592 RTAN=RI+RCI+*(COS{ANI)-1.0)

1593 RT1=RT-RCT*(COS{ANI)-1.0)

1594 XT1=XTAN+(RTAMN-RT 1)/TAN(ANI)

1595 IF (XT1.GE.XTAN) GO 10 40

1596 XT $=XTAN

1597 RT1=RTAN

1598 40 XT=XT1+RCT+SIN(ANI)

1599 XT2=XT4RCT+*SIN(2NE)

1600 RT2=RT+RCT+*(1.0-COS{ANE))

1€01 RE=zRT2+4(XE-XT2)*TAN{ANE)

1602 LTat

1603 IF (IUT_EQ.1) WRITE (6,270) XI,RI.RT _XE,RCI.RCT, AN3I . ANGE.XT.RE
1604 IF (IUI.€Q.2) WRITE (6.280) XI,RI.RT XE,RCI,RCT,ANGI.ANGE.XT.RE
1605 00 110 L=t LMax

1606 IF (XP(L).LE.XTAN) GO TO SO

1607 IF (XP(L}.GT_XTAN_AND.XP(L).LE.XT1) GO TO 60
1508 IF (XP{L).GT.XT1_ AND.XP(L).LE.XT) GO TO 70
1609 IF (XP(L).GT_XT_AND.XP{L).LE.XT2) GO TO 80
1610 GO TO 90

1611 C

1612 SO YW(L)=RI4RCI*(COS(ASIN((XP(L)-XT)/RCI))-1.0)
1613 NXNY(L)=(xP(L}-X1)/(YW({L}-RI+RC1)

1€ °4 GO 10 100

16°5 C

1616 60 YW(L)=RT1+(XT1-XP(L))*TAN{ANI)

1617 NANY (L )=TAN(ANI)

1618 GC T0 100

1619 C

1620 70 YW(L)=RT4RCT(1.0-COS(ASIN({{XT-XP(L))/RCT)))
1621 NXNY (L) =(XT-XP{L))/(RCT+RT-YW(L))

1622 GO 10 100

1623 C

1624 BO YW(L)=RT4RCT*(1.0-COS(ASIN({XP(L}-XT)/RCT)))
1625 NANY{L)={XT-XP(L))/(RCT+RT-YW(L))

1626 GO TO 100

1627 C

1628 90 YW(L)=RT2+(XP(L)-XT2)+*TAN(ANE)

1629 NXNY (L) =-TAN{ANE)

1630 C

113
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1648
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1651
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<657
1658
1659
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1661
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1664
1665
1666
1667
1658
1669
1670
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1676
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1683
169
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[2 X3 X2}

o060

100

110

120

130

140

150

160

170

180

190

200

210

iF (L.EQ.1) GO TO 1iD

oF (YW(L).LY.YW(LT)) LT=L
CONTINUE

GO 10 210

GENERAL WALL CASE - INPUT WALL COORDINATES

WRITE (6,240)

WRITE (6,230)
yw(1)=YWI(1)
YW{LMAX)=YWI(NWPTS)
RI=YW(1)
RE=YW(LMAX)

LT=1

DO 130 L=2,NWPTS

IF (YWI(L).LE.YWI(LT)) LT=L
CONTINUE

XT=XWI(LT)
RT=YWI(LT;

IF (IUI.€Q.1) WRITE (6.290) XT,.RT,IINT,IDIF

If (IUI.EQ.2) WRITE (6,300) XT.RT,IINT,IDIF

LY=1

L1=LMAX-1

1Pp=1

DO 140 L=2,.L1

CALL MTLUP (XP(L),YW(L).IINT NWPTS ,NWPTS, 1, 1PP XWI.YWI)
IF (L.EQ.1) GO TO 140

IF (YW(L).LE.YW(LT)) LT=L

CONT INUE

LDUM=NWPTS

IF (LMAX.GT.NWPTS) LDUM=LMAX

DO 160 L=1,LDUM

IF (L.GT.LMAX) GO TO 150

SLOPE=DIF(L,IDIF ,LMAX XP,YW)

NXNY(L)=-SLOPE

IF (L.LE.NWPTS.AND.L.LE.LMAX) WRITE (6.330) L. XWI(L),YWI(L) . XP(L)

1 ,vywi{L),SLOPE

IF (L.GT.NWPTS.AND.L.LE.LMAX) WRITE (6,340) L, XP(L).YW(L).SLOPE
IF (L.LE.NWPTS._AND.L.GT.LMAX) WRITE (6,350) L, ,XWI(L),YWI(L)
CONTINUE

GO TO 210

GENERAL WALL CASE - INPUT WALL RADIUS AND SLOPE

WRITE (6.240)

WRITE +(5,230)

RI=YW(1)

RE=YW(LMAX)

LT=t

DD 180 L=2,LMAX

IF (YW(L).LE.YW(LT)) LT=L
CONTINUE

XT=XP(LT)

RT=YW(LT)

IF (IUI.€EQ.1) WRITE (6,310) XT.RT
IF (IUI.EQ.2) WRITE (6,.320) XT_RT
DO 190 L=t LMAX

SLOPE=-NXNY(L)

WRITE (6,360) L. XP(L).YW(L), SLOPE
CONT INUE

GO TO 210

WRITe (9,390)
1ERR=1
RETURN

1F (JFLAG.EQ.0O) RETURN
XWL=XP(LJET-1)

IF (JFLAG.EQ.-1) GO 10 220

IF (IUI.EQ.1) WRITE (6.270) XWL,LJET LMAX
IFf (1UT.€0.2) WRITE (6.280) XWL.LJET LMAX

RETURN
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220 If (IUT.EN.1) WRITE (6.400) XWL
IF (IU1.EQ.2) WRITE (6.410) XxwL
RETURN

FORMAT STATEMENTS

230 FORMAT (1HO, 10X, 1SHDUCT GEOMETRY -)

240 FORMAT [ 1H1)

250 FURMAT (1HO,20X,46HA CONSTANT AREA DUCT HAS BEEN SPECIFIED 8Y XI=
! .FB.4.10H (IN), RI-_FB.4,14H (IN). AND XE=,F8.4,5H (IN))

260 FORMAT (1MH0.20X,46HA CONSTANT AREA DUCT HAS BEEN SPECIFIED BY XI=
1 .FB.4 10H (CM), RI=.FB.4, 14H (CM), AND XE=,.F8.4,5H (CM))

270 FCRMAT (1HO,20X.56HA CIRCULAR-ARC, CONICAL NOZZLE HAS BEEN SPECIFI
1ED BY X1=,F8.4.10H (IN), RI=,F8.4.6H (IN),./.21X.3HRT= F8.4_10H (I
2N), XE=_F8.4.11H (IN), RCI=.f8.4_11H (IN), RCT=,F8.4,12H (IN), ANG
31=,F6.2.71 (DEG)../.21X. 9HAND ANGE=.F6.2.35H (DEG). THE COMPUTED V
4ALUES ARE XT=,F8.4,13H (IN) AND RE=,F8.4,6H (IN).)

280 FORMAT (1HO,.20X.SGHA CIRCULAR-ARC, CONICAL NOZ2LE HAS BEEN SPECIFI
1ED BY XI=,FB8.4.10H (CM), RI=.F8.4.6H (CM)../.21X 3HRT= FB.4, 10H (C
2M). XE=_FR.4,11H (CM), RCI=,.F8.4, 11H (CM), RCT=_F8.4,12H (CM). ANG
31=.F6.2,7H (DEG)../.21X,9HAND ANGE=,F6.2,35H (DEG). THE COMPUTED V
4ALUES ARE XT=,FB.4,13H (CM) AND RE=,FB.4,6H (CM).)

290 FORMAT (1HO.20X,45HA GENERAL WALL HAS BEEN SPECIFIED BY THE fFOLL.2
! 1HOWING PARAMETERS, XT=,F8.4_ 10H (IN), RT=_F8.4,64 (IN},,/.21X 5H
2LINT= It 7H, IDIF=,11,1H..//22X.1HL.10'.7HXV!(IN).?Ox,7NYHI(IN).l|
3 x.GHxP(lN),tix.sva(lN).12x.5HSLopE.,)

300 FORMAT (1HO,20X,dSHA GENERAL WALL HAS BEEN SPECIFIED BY THE FOLL,2
! 1HOWING PARAMETERS, XT=,F8.4_10H (CM). RT=_FB.4,6H (CM), . /.21X SH
2TINT= 11, 7H, !DIF=.!1.!H..//22X.1HL.lOX,7wal(CH).10x.7HYHl(cM).11
3 X.EHXPICM) , 11X GHYW(CM), 12X, SHSLOPE ., /)

310 FORMAT (1HO.20X,45HA GENERAL WALL HAS BEEN SPECIFIED BY THE FOLL,2
! ITHOWING PARAMETERS, XT= ,FB.4_ 10H (IN), RT=_F8.4,6H (IN)..//22x.1H
2L.iix.GHxP(lN).le,GHVh(lN).l2x.5HSLOPE./I

320 FORMAT (1HC.20X,45HA GENERAL WALL HAS BEEN SPECIFIED BY THE fOLL.2
1 1HOWING PARAMETERS, XT=_F8.4_ 104 (CM), RT= F8_4 61 (CM). . //22X.1H
2L.|tx_6HxP(CM).ilx.GMYH(CM).l?x.SHSLOPE./I

330 FORMAT (1tH .2ox.12.7x.r|o.4.7x.rio.4.7x.r1o.4,7x.rao.4_7x.rto.4)

340 FORMAT (1H +20X.12.41X,F10.4.7X,F10.4_ . 7X F10.4)

350 FORMAT (1H ,20X,12,7X,F!0.4.7X.F10.4)

360 FORMAT (1H -20X,12,7X.F10.4,7X.F10.4,7X . F10.4)

370 FORMAT f1HO,20X,43HA FREE-JET CALCULATION HAS BEZN REQUESTED. .20H
! THE WALL ENDS AT X=,F8.4_11H (IN). THE./.21X  14HMESH PAINTS L=
2 .I3,6H TO L=,I3,55H ARE AN INITIAL APPROXIMATION TO THE FREE-JET
3BOUNDARY . )

380 FORMAT (1HO.20X,43HA FREE-JET CALCULATION HAS BEEN REQUESTED. .20H
1 THE WALL ENDS AT X=.F8.4_.11H (CM). THE./, 21X, 14HMESH POINTS L=
2 13,64 TO L=,13,55H ARE AN INITIAL APPROXIMATION TO THE FREE-JET
360UNDARY . )

390 FORMAT {1HO,44Hssec+ RCI OR RCT WAS SPFECIFIED AS ZERQ ssvas)

400 FORMAT (1HO,20X.54HTHE WALL CONTOUR HAS AN EXPANSION CORNER LOCATE
10 AT X=_F8.4.6H (IN).)

410 FORMAT (1HO,20X,54HTHE WALL CONTOUR HAS AN EXPANSION CORNER LOCATE
1D AT X=,F8.4,6H (CM).)

END
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1757 SUBROUT INE GEOMCB
1758 €

1759 C A X E TR R A A R R A R R 2 R 2 A A R E R R R R R N R I E R R R T RN RN RN
1760 C

1761 C THIS SUBROUTINE CALCULATES THE CENTERBODY RADIUS AND SLOPE
1762 C

|753 c ....-.00...0.'..‘.0'0".0.0'.'.0".""."...0.0'00‘.00'0'00"
1764 C

1765 *CALL ,MCC

1766 GO T0 (10,30.120.160). NGCB

1767 C

1768 C CYLINDRICAL CENTERS0DY CASE

1769 C :

1770 10 IF (IU1.€Q.1) WRITE (6.210) XICB.RICB.XECB

17714 IF (IUI.EQ.2) WRITE (6.,220) XICB.RICR.XECR

1772 DO 20 L=1,LMAX

1773 YCB(L)=RICB

1774 NYNYCB(L)=0.0

1775 20 CONTINUE

1776 RETURN

1777 C

;1778 C CIRCULAR-ARC, CONICAL CENTEREODY CASE

1779 C

1780 30 RICB=2.0+RTCB-RICB

1781 IF (RCICB.EQ.0.0.OR.RCTCB.EQ.0.0) GO TO 130

1782 “NI=ANGICB*3.141593/180.0

1783 ANE=ANGECB*3.141533/180.0

1784 XTAN=XICB+RCICB*SIN{ANI)

1785 RTAN=RICB+RCICB*(COS(ANI)-1.0)

1786 RT1=RTCB-RCTICB*(COS(ANI)-1.0)

1787 XT1=2XTAN+(RTAN-RT1)/TAN(ANI)

1788 IF (XT1.GE_XTAN) GO TO 40

1789 XT1=XTAN

1790 RT1=RTAN

1791 40 XTCB=XT1+RCTCE*SIN(ANI)

1792 XT2=XTCB+RCTCB*SIN(ANE)

1793 RT2=RTCB+RCTCB*( 1.0-COS(ANE))

1794 PECB=RT2+(XECB-XT2)*TAN(ANE)

1795 RICB=2.0+RTICE-RICB

1796 RECB=2.0°+RTCB-RECB

1797 IF (IUI.EQ.1) WRITE (6,230) XICB.RICB,RTCB,XECB,RCICB,RCTCE,ANGICB
1792 1 _ANGECB,XTCB.RECB

1799 IF (IUl.£0.2) WRITE (6.24D0) XICB.RICR RTCB,.XECB,RCICB,RCTCB,ANGICB
1800 1 ,ANGECB,XTCB.RECB

1801 RICB=2.0*RTCB-RICB

1802 RECB=2.0*RTCB-RECB

1803 DO 110 L=1 LMAX

1804 IF (XP{L).LE.XTAN) GO 70 30

1805 IF (XP{L).GT.XTAN.AND.XP(L).LE.XT1) GO TD 60

1806 IF (XP(L).GT.XT1_AND.XP(L).LE.XTCB) GO TO 70

1807 IF (XP(L).G7.XTC8.AND.XP(L).LE.XT2) GO TO 80

1808 GO T0 90

1809 C

1810 50 YCB(L)=RICB+RCICB+(COS(ASIN((XP(L)-XICB)/RCICR))-1.0)
1811 NXNYCB(L)=(XP(L)-XICEB}/(YCB(L)-RICR+RCICB)

1812 GO TO 190

1813 C

1814 60 YCB(L)=RT1+(XT1-XP(L))*TAN(ANI)

1815 NXNYCE(L)=TAN(ANI)

1816 GO TO 100

1817 C

1818 70 YCB(L)=RTCB+RCTCB*(1.0-COS(ASIN/(XTCB-XP(L))/RCTCB)))}
1819 NXNYCB(L )=(XTCB-XP(L))/(RCTC3+RTCB-YCBI(L)) .
1820 GO 10 100

1821 C

1822 80 YCS(L)=*RTCB+RCTCB*{1.0-COS(ASIN{(XP(L)-XTCB)/RCICB}))
1823 NXNYCBIL }=(XTCB-XPtL))/(RCTICB+RICB-YCB(L))

1824 GO TO 100

1825 C

1826 SO YCB{L)=RT2+(XP(L)-XT2)«TAN(ANE)

1827 NXNYCB(L }=-TAN{ANE )

1828 C
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100

110

YCB(L)=2.0*RTCB-YCB(L)
NXNYCB(L)=-NXNYCB(L)

IF (YCB(L).GE.G.O.O0R.NDIM.EQ.O) GO TO 110
YC8(L)=0.0

NXNYCB(L)=0.0

CONTINUE

RETURN

GENERAL CENTERBODY CASE - INPUT CZNTERBODY CCORDINATES

120 WRITE (6.200)

IF (IUI.EQ.1) WRITE (6.250) IINTCB,IDIFCB

IF (IUL.EQ.2) WRITE (6.260) IINICB.IDIFCB

Li=LMAX- ¢

1PP=1

DO 130 L=t.LMAX

CALL MTLUP (XP(L).VCB(L).IINTCB.NCBPTS.NCBPT&.i.IPP.XCBl.VCBI)

130 CONTINUE

LOUM=NCBPTS

IF (LMAX.GT.NCBPTS) LDUM=LMAX

00 150 L=1,LDUM

If (L.GT.LMAX) GO TO 140

SLOPE=DIF(L INDIFCB,LMAX XP YCB)
NXNYCB(L)=-SLOFE

IF (YCB(L).GE.O.0.CR.NCIM.£0.0) GO TO 3140
¥CB8(L)=0.0

NXNYCB(L)=0.0

SLGPE=-NXNYCB(L)

140 IF (L.LE.NCBPTS.AND.L.LE.LMAX) WRITE (6.290) L.xCBI(L),¥CBI(L) xP

t (L).vCB(L), SLUPE
IF (L.GT.NCBPTS.AND.L.LE.LMAX} WRITE (6.300) L.XP{L)}.YCE{(L),.SLOPE
IF (L.LE.NCBPIS._AND.L.GY.LMAX) WRITE (6.310) L.XCBI(L),YCBI(L)

150 CONTINUE

RETURN

GENERAL CENTERBODY CASE - INPUT CENTERBODY RADIUS AND SLOPE

160 WRITE (€.200)

1F (IUT.EQ.1) WRITE (6,270)

IF (IUI.€Q.2) WRITE (6,280)

0O 180 L=1.LMAX

IF (YCB(L).GE.O.0.0OR.NOIM.EQ.0) GO TO 170
YCB(L)=0.0

NXNYCB(L)=0.0

170 SLOPE=-NXNYCB(L)

WRITE (6.320) L.XP{(L).YCB(L),SLOPE

180 CONTINUE

RETURN

190 WRITE {6.330)

IERR=1
RETURN

FURMAT STATEMENTS

200 FORNAT (1H1)
210 FORMAT (1HO,20X,52HA CYLINDRICAL CENTERBODY HAS BEEN SPECIFIED BY

1XICB=,F8.4,12H (IN). RICB=.FB.4,16H4 (IN), AND XECB=.F8.4.5H (IN))

220 FORMAT ( 1HO.20X,52HA CYLINDRICAL CENTERBODY HAS BEEN SPECIFIED BY

1XICB=,FB.4,12H (CM), RICB=,F8.4,16H (CM), AND XECB=,F8.4 ,5H (CM))

230 FORMAT ('HO,20X.62HA CIRCULAR-ARC, CONICAL CENTERBODY HAS BEEN SPE

1CIFIED BY XICB=,F8.4,54 (IN),7H. RICB=,F8.4,6H (IN)../,21X SHRTCB=
2 ,F8.4,7H (IN), ,SHXECB=.F5§.4.5H (IN),BH, RCICB= ,F8.4,5H (IN).8H,

SRCTCB=,FS.4,5H (IN),9H, ANGICB= ,F6.2.7H (DEG)../.21X,11HAND ANGECS
4= ,FE.2,8H (DEG). ,29HTHE COMPUTED VALUES ARE XTCB=.F8.4.5H (IM), 10
S H AND RECB=,F8.4,6K (IN).)

240 FORMAT ( 1HO,20X.62HA CIRCULAR-ARC., CONICAL CENTERBODY HAS BEEN SPE

1CIFIED BY XICB=,F8.4,.5H (CM),7H, RICB=.F8.4_6H (CM),,/.21X,SHRTCB=
2 .F8.4,7H (CM), _SHXECB=,F8.4,5H (CM).8H, RCICB=.F8.4,5H {C1), 8H,
3RCTCB=.FB.4,5H (CM),9H, ANGICB=,F6.2,.7H {DEG)../,21X. 1 1HAND ANGECB
4= F6.2,8H (DEG). ,29HTHE COMPUTED VALUES ARE ATCB=.F8.4,5H (CM), 10
S H AND RECB=,F8.4 6H (CM).)

117



118

1901
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1907
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1910
1911
1912
1913
1914
1915
1916
1317
1918
1919
1920

250 FORMAT { 1HO,20X,47HA GENERAL CENTEXKGTDY HAS BEEN SPECIFIED BY THE
1 .25AFOLLOWIMNG PARAMETERS, FINTCB=,1t,.SH, IDIFCB=, 11, ,1H, //22X, tHL
2 10X .8HXCBI(IN), 40X BHYCBI(IN), 10X, 6HXP(IN), 10X 7+ YCB(IN), 11X, SHS
3L0OPE./)

260 FORMAT (1HO,20X . 47HA GENERAL CENTERBOLY HAS BEEN SPECIFIED BY THE
1t ,29HFOLLOWING PARAMETERS, IINTCB=,11,9M, IDIFCB=,1%, 1H, //22X, tHL
2 ,10X,8HXCBI(CM), 10X ,8HYCBI(CM), 10X 6HXP(CM) 10X, 7' IYCB(CM), 11X SHS
3LOPE./)

270 FORMAT {1HC.20X.47Ha GENERAL CENTERBODY HAS BEEN SPECIFIED BY THE
1 ,21HFOLLOWING PARAMETERS..//22X,1HL, 12X 6HXP(IN). 10X 7THYCB(IN), 11
2 X,.SHSLOPE,/)

280 FORMAT (1HO,20X,.47HA GENERAL CENTERRCDY HAS BEEN SPECIFIED BY THE
1 ,21HFOLI OWING PARAMETERS,,//22X. tHL, 12X, EHXP(CM) 10X . 7THYCB(CM), 11
2 X,SHSLOPE./)

290 FORMAT (1H ,20X,12.7X,.F10.4,7X . F10.4,.7X F10.4,7X.F10.4,.7% .F10.4)

300 FORMAT (1H ,20X,12,41X.F10.4,7X . F10.4.7X.F10.4)

310 FORMAT (1H ,20X.12.7X.F10.4,7X.F10.4)

320 FORMAY (1H ,Z0X,12,.7X.F10.4,7X.F10.4,7%.F10.4)

330 FORMAT (1HO.48Hee*e*+ RCICB OR RCTCB WAS SPECIFIED AS ZERQ seees)
END
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THIS SUCRUUTINE CALCULATES THE DUAL FLOW SPACE BOUNDARY RADIUS

AND SLOPES

D R I I I I R N N R R R LR RN

MCC
GO YO (10.100), NOFS

INPUT CUAL FLOW SPACE BOUNDARY COORDINATES

WRITE (6, 120)

WRITE (6.130)

IF (IU] EQ.1) WRITE (€.180) IINTDFS,IDIFOFS
IF (1U1.€Q.2) WRITE (6.130) TINTOFS,IDIFDFS
1PP=1

DO 29 L=LDFSS,LOFSF

CALL MTLUP (xP{L) . vL{L) ITINTCFS . NLPTS.NLPTS,
CONTIMUE

LDUM=NLPTS

IF (LDFSF.GT.NLPTS) LDUM=LDFSF

LDF=0

DO 30 L=LDFSS.LDFSF

LDF=LGF+1

XWI(LDF)=XP(L)

YWI(LOF)=vL{L)

CONTINJE

LMOF =LDFSF-LDFSS+ 1

LDF=0 -

CO S0 L=1,LDUM

LDFS=0

IF (L.GE.LDFSS.AND.L.LF.LDFSF) LDFS=1

IF {(LDFS.EC.O) GO 10 40

LOF=LDF+1
SLOPE=DIF(LDF.IDIFOFS,LMDF XWI, YW])
NXMNYL(L)=-SLOPE

IF (YL(L).GE.O.O0.OR.NDIM.EQ.0O) GO TO 40
yt(L)=0.0

NXNYL(L)=0.0

SLOPE=-NXNYL(L)}

40 IF (L.LE.NLPTS.AND.LDFS.EQ.1) WRITE (6.220)

C

<

c

<

C

c

«CALL

Cc

o

Cc
10
20
30
S0

C

€0

70

1

LYL(L), SLOPE
IF (L.GT.NLPTS.AND.LDFS.EQ. 1) WRITE (6.,230)
1F (L.LE.NLPTS.AND.LDFS.EQ.O) WRITE (6,240)
CONTINUE

WRITE (6.130)

IF (IVU1.EQ.1) WRITE (6,200)

IF (IU1.EQ.2) WRITE (6,210)

1PP=1

DO 60 L=LDFSS.LDFSF

CALL MTLU® (XP(L).YU(L).IINTDFS NUPTS NUPTS,
CONTINUE

LOUM=NUPTS

IF (LDFSF.GT.NUPTS) LDUM=LDFSF
LDF=0

DO 70 L=LDFSS.LDFSF

LOF=LLF+1

XWI(LDF)=xP(L)

YWI(LDS)=YU(L)

CONTINUE .

LMDF =LDFSF-LDFSS+1

LDF =Q

00 90 L=1,LDUM

LOFS=0

IF (L.GE_LDFSS.AND.L.LE_LDFSF) LDFS=
IF (LOFS.EQ.0) GO TO 80O

LDF=LDF+1
SLOPE=DIF(LDF , IDIFDFS, LMCS XW! YWI)

esreevsescrsarsnes

1.iPP_XLI,YLI)

LUXLIGL), YLI(L) , XxP()

L.XP(L),YLIL).SLOPE
LLALI(L). YLI(L)

1.1PP XUI,YUI)
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NXNYU(L)=-SLOPE
IF (YU(L).CE.O.0.0R.NUIM.£Q.O) GO TO BG
Yu(L)=0.0
NXNYU(L)=D.0
SLOPE=-NXNYU(L)
80 IF (L.LE.NUPTS.AND.LOFS.EQ.1) WRITE (6.220) L. XUI(L),YUI(L).XP(L)
1t .YU{L),SLOPE
IF (L.GT.NUPTS.AND.LDFS.EQ.1; WRITE (6,230) L.XP(L),YU(L).SLOPE
1F (L.LE.NUPTS. AND.LDFS.£0.0) WRITE (6,240) L. XUI(L),YUI(L)
90 CONTINUE
RETURN

INPUT DUAL FLOW SPACE BOUNDARY RADIUS AND SLOFE

1CO WRITE (6,120)

WRITE (6, 140)

IF (IUI.EQ.1) WRITE (6,150)

IF (IU].€0.2) WRITE (6,160)

DO 110 L=LDFSS.LDFSF

SLOPEL=-NXNYL(L)

SLOPEU=-NXNYU(L)

WRITE (6,170) L. XP(L).YL(L), SLOPEL,YU(L), SLOFEY
110 CONTINUE

RETURN

FORMAT STATEMENTS

120 FORMAT (1H1)

130 FORMAT ( 1HO)

140 FORMAT (1HO, 10X .35HDUAL FLOW SPACE POUNDARY GEQMETRY -)

150 FORMAT (1HO,20X,4 tHGENERAL BOUNDARIFS HAVF BEEN SPECIFIED BY.26H T
1HE FOLLOWING PARAMETERS,,.//22X, tHL, t1X 6HXP(IN)_ 11X 6HYL(IN),  11X.6
2 HSLOPEL. 11X ,6HYU(IN), 11X 6HSLOPEU,/)

160 FORMAT ( 1HO.20X.4 tHGENERAL BOUNDARIES HAVE BEEN SPECIFIED BY.26M T
1HE FOLLOWING PARAMETERS,.//22X, 1HL . 11X, 6HXP{ M), 11X, 6HYL(CM), 11X, 6
2 HSLOPEL, 11X ,6HYU{CM) 11X 6HSLOFEU,/)

170 FORMAT (1H ,20%,12,7X,F10.4,7X.F10.4,7X,F10.4,7X . F10.4,7X ,F10.4)

180 FORMAT (1HO,20X,46HGENERAL BOUNDARIES HAVE BEEN SPECIFIED By THE .,
1 30HFOLLOWING PARSMETERS, IINTOFS=_11.10H, IDIFDFS=_11_1H,.’/22x 1
2 HL, 10X, 7THXLTI(IN) 10X, THYLT CIN), 11X  6HXP(IN), 01X , 6HYL{IN), 11X, 6HSL
30PFL./)

190 FORMAT ( 1HO,20X,46HGENERAL BOUNDARTES HAVE BEEN SPECIFIED BY THE
1 30HFOLLOWINC PARAMETERS, IINTDFS=,11_10H, IDIFOFS=.11.1H..//22X.1
2 HL, 10X THXLI(CM), 10X, 7THYLI{CM) , 114, 64XP{CM), 11X GHYL{CM) 11X 6HSL

. 30PEL./)

200 FORMAT {1HO, 21X, tHL, 10X _ THXUT(IN)} 10X  THYUT(IN), 11X  6HXP( IN), 11X .6
t HYU(IN), 11X E6HSLOPEU,/)

210 FORMAT (1HO, 21X, 1HL, 10X, 7THXUL(CM), 10X,  THYUL(CM) 11X . 6HXP(CM), 11X, 6
1 HYUICK), t1%,6HSLOPEU,/)

220 FORMAT (tH ,20X%.12.7X.F10.4,7X.F10.4.7X F10.4 7% F10_4,7X,F10.4)

230 FORMAT (1H ,204,12,41X,F10.4,7X F10.4,7X,F10.4)

240 FORMAT (1H ,20X,12.7X.F10.4,7X,F10.4)

END -
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SUBROUTINE MTLUP (X,Y M, N,MAX NTAB,I1,VARI,LVARD)

VOGP0 0¢ 00000002000 0008¢ 0002000000000 INITECPIICPRRPOISEISIEOGES

THIS SUBRGUTINE 1S CALLED BY SUBROUTINES GECM, GEOMCB, AND GEOMLU
TO INTERPOLATE FCR WALL COORDINATES FOR THE TABULAR INPUT CASE.
SUBROUTINE MTLUP WAS TAKEN FROM THE NASA-LANGLEY PROGRAM

LIBRARY. THME DATE OF THIS VERSION IS 09-12-69. -

(A A A AN A A A A 2 R A A A A AR XA R R A R R A R Y N R R R R

MODIFICATION OF LIBRARY INTERPOLATION SUSROUTINE FTLUP
MULTIPLE TABLE LOOK-UP ON ONE INDEPENDENT VARIABLE TABLE
USES AN EXTERNAL INTERVAL POINTER (1) 7O START SEARCH
1 LESS THAN O WILL CHECK MONOTONICITY

DIMENSION VARI(t), VARD(MAX,1), Y($), V(3). YY(2)
LOGICAL EX

IF (M_EQ.0Q) GO TO 170

IF (N.LL.t) GO 70 170

EX= FALSE.

IF (1.GE.Q) GO TO 60

IF (N.LT.2) GO TO 60
MONOTONICITY CHECK

Iy (VARI(2)-VARI(1)) 20.20.40
ERPOR IN HMONCTONICITY
K=LOCF(VARI(1))

WRITE (6.19C) J.K,(VARI{(J).J=1,N)
CALL EXIT

MONOTONIC DECREASING

NO 30 J=2.N

1F (VARI(J)-VARI(J-1}) 30.10.10
CONT INUE

GO T0 60

MONGTONIC INCREASING

DO SO J=2.N

IF (VARI(J)-VARI(J-1)) 10.10.50
CGMTINUE

INTERPOLATION

IF (I.LE.O) =t
IF (1.GE.N) I=N-1

LOCATE 1 INTERVAL (X{(I)}.LE.X.LT.X{[+1))

IF ((VARI(I)-X)s(VARI(I+1)-X)) 10D.100.70

IN GIVES OIRECTION FOR SEARCH OF INTERVALS
IN=SIGN(1.0,(VARI(I+1)-VARI(I))*(X-VARI(I)))

IF X OUTSIDE ENDPCINTS, EXTRAPOLATE FROM END INTERVAL
IF ((I+IN).LE.O} GO TO 90

IF ((I+IN).GE.N) GO TO 90

I=I+IN

IF C((VARI(I)-X)e(VARI(I+1) X}) 100, 1C0.80
EXTRAPOLATION ‘

EX=.TRUE.
IF (M_EC.2) GO TO 120

-~
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110

120

130

140
150

160

170

180

190

FIRST ORDER

DO 110 NT=1 _NTAB

Y{NT)=(VARD{ 1 .NT)*(VARI(1¢1)-X)-VARD(I+1 NT)e(VARI(I)-X))/(VARI(]+
1 1)-VARI(1))

IF (EX) I=]¢IN

RETURN

SECOND ORDER

IF (N.EQ.2) GO YO 10
IF (1.€Q.(N-1)) GO 10 140
IF (1.€0Q.1) GO 10 130

PICK THIRD POINT

SK=VARI(1+1)-VARI(I)

IF ((SKe(X-VARI(I-1))).0.T.(SK*(VARI(I+2)-X))) GO TO 140

L=1

GO TO 150

L=1-1

V(1)=VARI(L)-X

V{2)=VARI(L+1)-X

V(3)=VARI(L+2)-X

DO 160 NT=1 ,NTAB

YY(1)=(VARD(L NT)+V(2)-VARD(L+1,NT)eV($))/(VARI(L+1)-VARI(L))
YY(2)=(VARD(L+1 ,NT)*V(3)-VARD(L+2,NT)eV(2))/(VARI(L+2)-VARI(L+1))
YONT)=(YY(1)eV(3)-YY(2)sV(1))/(VARI(L+2)-VARI(L))

IF (EX) I=I+IN

RETURN

ZERO ORDER

DO 180 NT=1 ,NTAB

Y{NT ) =VARD( 1 NT)

RETURN

FORMAT STATEMENTS

FORMAT (1H1,49H TABLE BELOW QUT OF ORDER FOR MTLUP AT POSITION

1 .15,/31H X TABLE IS STOFED IN LOCATION ,06,//(8G15.8))
END
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FUNCTION DIF (L,M,NP,VARI VARD)

(A AR AL RA RS R R AR AR 2 A R R 2 R R R Y R R R R R XX

THIS FUNCTION IS CALLED BY SUBROUTINES GEOM, GEOMCB, AND GEOMLU TO
CALCULATE THE WALL SLOPE FOR THE TABULAR INPUT CASE. FUNCTION DIF
WAS TAKEN FROM THE NASA-LANGLEY PROGRAM LIBRARY. THE DATE OF

THIS VERSIOM IS 8-1-68.

(AR AR A R A L A R R R Y Y R N P R R R x e

THIS FUNCTION SUBPROGRAM FINDS THME DERIVATIVE AT A GIVEN POINT,
L, FOR THE DESIRED X ANO Y IN A GIVEN TABLE. THE N-POINT
LAGRANGIAN FORMULA IS t'SED WHERE N IS 0DO.

L = INTEGER, THE POINT OF X AND Y AT WHICH DERIVATIVE IS FOUND
M = INTEGER, 1-5, TO DETERMINE THE POINT FORMULA, N. N=2eM+1
NP= INTEGER, THE NUMBER OF POINTS IN TABLE OF VARIABLES

VARI = ARRAY OF INDEPENDENT VARIABLS, X. VARI(NP)

VARD = ARRAY OF DEPENOENT VARIABLE, Y. VARD(NP)

DIMENSION VARI(NP), VARD(NP), X(11), Y(11)
O1F = 1777000000000C0200008
IF (M.LT.1) RETURN
N=2eM+1

IF (M.GT.5.0R.N.GT.NP) RETURN
MizMs {

M2=NP -M+ 1

K==L

IF (L.LE.M1 . OR.N.EC.N?) GO TC 10
KM

IF {(L.LT.M2) GO TO 10
K=L-(NP-N)

MXsl -K

D0 20 JU=1,N

MJzMX+d

X(J)=VARI(MJ)
Y(J)=VARD(MJ)

A=t

8=0.

C=0.

DO 40 J={.N

IF (J.EQ.K) GO TO 40

P=1,

DO 30 1=t .N

IF (1.EQ.J) GO TO 30
P=pPe(X(U)-X(1))

CONTINUE

T=X(K)-X(J)
B=B+Y(U)/(PeT)

AszAsT

C=C+1./7¥

CONT INUE

DIF=A<B+Y(K)*C

RETURN

END

123
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SUBROQUTINE ONEDIM

N
PP OUPIE P00 P CEIEIAERICITCOIEIPEBTIRENNIRIIINECEe IR rsssstasres

THIS SUBROUTINE CALCULATES THE 1-D INITIAL-DATA SURFACE

GO I PPCOCIPACE LI I2 0020000 0CTLCEIPCEOIPINCLI00909 8 ¢34008000v00

CALL,MCC

IF (PT{1)_NE.O.O.AND.TT{1).NE.0.O) GO T0 30
1ERR=1
WRITE (6,.200)
RETURN

10 MN3:0.01
IF (N1D.EQ.-1.0R.NID.GT.2) MN3=2.C
HXCK=0
ACOEF=2.0/{GAMMA+1.0)
BCOEF =(GAMMA-1.0}/(GAMMA+1 .0}
CCOEF=(GAKMMA+1_0)/2.0/(GAMNMA-1.0)
1IF (N1D.LT.0) GO YO 30

OVERALL LCOP

IF (NGCB.NE.Q.OR.MDFS.NE.O) GO TU 20
RSTAR*RT
RSTARS=RT+RT
GO 70 30
20 RSTAR=YW(LT)-YU(LT)+YL(LT)}-YCB(LT)
RSTARS=7W{LT) ¢ ¢2-YU(LT)*+24YL{LT)2¢2-YCB(LT )92
30 DO 180 L=1,LMAX
IF (L.EQ.1.AND.ISUPER.EQ.1) GO TO 180
1F (N!D.LT.O) GO 10 &0
IF (NGCB.NE.O) GO TO 40
IF (MDFS.NE.O' GO TO 40
IF (XP{L).LT.XT) GO TO 60
IF (XP(L).GT.XT) GO 10 SO
MN3=1.0
GO TO t10
40 IF (L.LT.L1) GO TO 60
1F (L.GT.LT) GO TO SO
MN3=1.0
GO TO 110
50 IF (NXCK.EQ.!) GO TO 60
IF (NID.EQ.1.0R.NID.EQ.3) MN3=1_1
IF (N1D.EQ.2.0R.N1D.EQ.4) MN3=0.9
NXCK=1
60 1F (NOIM.EQ.1) GO T0 70
RAD=YW(L)-YU(L)+YL(L)-YCB(L)
ARATIU=RAD/RSTAR
GO T0 80
70 RADS=YW{L)**2-YU(L)**24YL(L)*+2-YCB{L)*"2
ARATIO=RADS/RSTARS

NEWTON-RAPHSON ITERATION LOOP

80 DO 100 ITER=1,100
ABM=ACOET2BCOEF *+MN3eMN3
ABMC=ABMe«CCOEF
FM=ASMC/MN3-ARATIO
FPM=ABMC+(2.0+BCOEF+*CCOEF/ABM-1.0/(MN3+*MN3))
OMN3=MN3
HN3=OMN3-FM/FPM
IF (OMN3.GT.0.99.AND.OMN3.LT.1.01) MN3=0.5¢(OMNI+MN3)
IF (MN3.GT.1.0.AND.OVNI.LT.1.0) MN3=0.99
IF (MN3.LT.1.0.AND.OMN3.GT.1.0) MN3=1.01¢
IF (NID.EQ.-1.AND.MMN3.LE. 1.0) MN3=1_01
IF (N1D.EQ.-2.AND.MNJ.GE. 1.0) MN3=0.99
IF (MN3.GT.50.0) MN3:50.0
[F (MN3.GE.0.0) GO TD 90
MN3=*-MN3
G3 10 100
SO IF (ABS(MN3-OMN3)/CMN3.LE.O0.0005) GO TO 110
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140

150

160

t70
180

190

CONTINUE
WRITE (6,190) L

FILL IN 2-D ARRAYS LGOP

LOFS=0

IF (L.GE.LDFSS.AND.L.LE.LOFSF) LDFS=1
DEM=1.0+GAM2 *MN3+MN3

DEMP=DEMs¢ ¢ GAM{

DNXNY =(NXNY (L) -NXNYCB(L))/FLOAT(M1)

IF (MDFS_£EQ.0.0R.LDFS.EQ.Q0) GO 10 120
ONXNY 1= (NYNYL({L)-NYNYCB(L)}/FLOAT(MDFS-1)
DNXNY2=(NYNY (L) -NXNYU(L))/FLOAT(MMAX -MDFS)
DO 170 M=1,MMAX

IF (MDFS.€EQ.0.0R.LDFS.EQ.0) GO TO 150

IF (L.NE.1) GO TO 130

If (ISUPER.EQ.2.AND.M.LT_MDFS) GO TO 170
IF (ISUPER.EQ.3.AND.M.GT.MDFS) GO TO 170
IF (ISUPER.EQ.2.AND.M _EQ.MDFS) GO TO 150
IF (M.LT.MDFS) DNXNY=DNXNY 1

IF (M_GT.MDFS) DNYNY=DNXNY2

IF (M_NF_MDFS) GO 7O 1S0

PL(L. 1)=PTL/DEMP

TEMP=TTL/DEM

ROLIL.1)=PL(L,1)/(RG*TEMP)
UQ=MM3»SQRT(GAMMA+PL(L, 1)/ROL(L, 1))

IF (NXNYL(L).EQ.0.0) GO TQ 140

ULIL. 1)=Q00/SORT( 1. O*NXNYL(L)*NXNYL(L))
VLU, 1)=-ULIL, 1) eNYNYL(L)

GO TO 150

uL(L,1)=Q0

vL(L,1)=0.0

IF (ISUPER.EQ.3.AND.(M_EQ.MDFS.AND.L.EN.1)) GO T0 170
P(L.M, 1)=PT(M)/DEMP

YEMP=TT(M}/DEM

RO(L .M, 1)=P{L.M_1)/(RG*TEMP)
QO=MN3+SQRT(GAMMAP(L .M, 1)/RO(L .M, 1))
DN=NXNYCB(L ) +DNXNYFLOAT(M-1)

1F (LDFS.NE.O.AND.M_GE .MOFS) DN=NXNYU{L)+DNXNYFLOAT{M-MOFS)
DONS=DN+DN

IF (DNS.EQ.0.0) GO TQ 160

SIGN=1.0

IF (ON.GT.0.0) SIGN=-1.0

U(L .M, 1)=00Q/SQRT( 1 _0+DNS)

VIL.M, 1)=SIGN*Q0Q/SQRT( 1.0+41.0/DNS)

GO TO 170

u(L.m, 1)-09

VIL .M, 1)=0.0

CONT INUE

CONTINUE

RETURN

FORMAT STATEMENTS

FORMAT {1HO.10X,47Heevee THE 1-D SOLUTION FOR THE INITIAL-DATA SUR
1 ,47HFACE FAILED 1O CONVERGE iN 100 ITERATIONS AT L=, 12.6H ssesv)

200 FORMAT (1HO. 10> .48Hevsee THE STAGNATION CONODITIONS FOR THE 1-D0 INI

1T, 41HIAL-DATA SURFACE WERE NOT SPECIFIED seees)
END

128



126

2348
2349
2350
2351

2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2367
2368
2369
2370
2374

2372
2373
2374
2375
2376
2377
2378
2379
2380
2381

2382
2383
2334

2385
2386
2387
2383
2369
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
24014
2405
2406
2407
2408
2409

oNon

OO0 sOO000

c
[
[

C

SUBROUTINE MAP

[ EA AR AL A AR AL A A Al R R A A A R R Y Y Y X R R R

THIS SUBROUTINE CALCULATES THE MAPOING FUNCTIONS

(AL ARA LA AR A A A 2 R R R R R L R KL N R Y R R R R R

CALL ,MCC

SINGLE FLOW SPACE

1 (1P.EQ.~1) GO TO 40

1f (LMAPL.GE.LDFSS.AND.LMA4r.L. .LDFSF) GO TO 10
YP=YCB(LMAP)+VN(MMAP )= (YW(LMAP)-YCB(LMAP))

iF (IP.EQ.O) RETURN

OM1=DZDX(LMAP)

OM2=DZDX(LMAP+1)

BE+*1.0/(YW(LMAP)-YCB(LMAP))
BE3=DYDVN(MMAP ) *BE

BE4=DYDVN(MMAP+1)+BE
AL=NXNYCB(LMAP ) +VN(MMAP ) ¢ (NXNY(LMAP ) -NXNYCB(LMAP))
AL3*BE3+AL

ALA=BE4~AL

DE=-VN(MMAP ) o XWI (LM #)

DE3I=BE3*DE

DE4=BE4*DE

RETURN

DUAL FLOW SPACE

10 IF (MMAP _LT.MDFS) GO TO 20

IF (MMAP .GT_MDFS) GO TO 30
IF (1B.EC.4) GO 10O 30

20 YP=YCEB({LMAP)+VN(MMAP )« (YL(LMAP)-YCB{LMAP))/CC

IF (IP.EQ.O) RETURN
OM:=D20X(LMAP)

0M2=DZOX( LHAP+1)

BE=CC/(YL(LMAP)-YCB(LMAP))

BE3=DYDVN‘MMAP } +BE

BE4=DYDVNUINMAP+ 1) sBE

AL=(VN(MM2P ) sNXNYL(LMAP) - (VN(MMAP ) -CC ) *NXNYCB (LMAP } 1/CC
AL3=BE3+AL

AL4=BE4sAL

DE3=0.0

CE4=0.0

IF (MMAP NE.MDFS) RETURM

AL4=AL3

BE4=BED

RETURN

30 YP=YU(LMAP)+(VN(MMAP)-ZC) e+ (YW(LMAP)-YU(LMAP))/(1.0-CC)

IF (IP._EQ.O) RETURN
OM1=D2DX (LMAP)

OM2:=0ZDX(LMAP+ 1)
BE=(1.0-CC)}/(YW(LMAP)-YU(LMALP))
BE3:DYDVN(MMAP ) *BE
BE4=DYDVN{MMAP+ 1) +BE

AL=((VN(MMAP)-CC) *NXNY{(LMAP)-(VN(MMAP )}-1.0)*NXNYU(LMAP)})/(1.0-CC®

AL3=BE3-AL
AL4=BE4 AL
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DE=(VN(MMAP}-CC)*XWI(LMAP)/{1.0-CC)
OE3=BE3+DE

DE4=BE4+DE

IF (MMAP NE MDFS) RETURN

AL3=AL4

BEJ=BE4 -
DE3=DEA4

RETURN

»*
CALCULATE THE MAPPING FUNCTIONS FOR THE INITIAL SET-UP

40 DO S50 L=1,LMAX
X(L)=XP(1)IFLOAT(L-1)DX

50 CONTINUE
DO 60 L=t L1
DZOX(L+12=(X(L+1)-X(L))/(XP(L+1)-XP(L))

60 CONTINUE
DZOX(1)=D20x(2)

DZOX(LMAX+1)z0ZDX( LMAX)

IF (MDFS.EQ.Q) GO TO 70

LVN=LDFSS

IF (LDFSS.EQ.1.AND.LDFSF _NE.LMAX) LVN=zLDFSF
CC=(YL(LVN)-YCB(LVN))/(YW(LVN)-YU(LVN)+YL(LVN)-YCB(LVN))
IF (LOFSS.EQ.1.0R.LDFSF.EQ.LMAX) GO TO 70
CCO=(YL(LOFSF)-YCB(LOFSF))/(YW(LDFSF)-YU(LDFSF)+YL(LDFSF)-YCB
1 (LDFSF))

IF (ABS(CCD-CC)/CC.LE.0.01) GO TO 70

WRITE (6,140)
1ERR=1

RETURN

70 DC 80 M=1 MMAX
Y(M)=FLCAT(M-1)eDY

B0 CONTINUE
IF (IST.NE.Q) GO TO 100
DO 90 M=1, MMAX
VN(M)=Y(M)
DYDVN(M)=1.0
YI(M)=Y(M)

90 CONTINUE
DYDVN(MMAX+1)=1_0
RETURN

100 DO 120 M=1 MMAX
VN(M)=(YI(M)-YCB(1))/(YW(1)-YCB(1))

IF (MDFS.EQ.0.OR.LDFSS.NE.1) GO TO 120
IF (M.GZ_.MDFS) GO TO 110
VN(M)=CCs(YI(M)-YCBI1))/(YL{1)-YCB(1))
GO TO0 120

110 VN(M)=CC+(1.0-CCIe(YI(M)-YU(1))/{YW(1)-YU(1))

120 CONTINUE
DO 130 M=1{ M1
DYDVN(M+1)=(Y(M+1)-Y(M))/(YN(M+1)-VN(M))

130 CONTINUE
DYDVN( 1) -DYDVN(2)
DYDVN(MMAX+1)=DYDVN(MMAX)

RETURN

140 FORMAT (tHO, 100H=e*+++> DUAL FLOW SPACE WALLS DO NOT BEGIN ANC ENO A
1T APPROXIMATELY THE SAME PRCPORTIONAL HEIGHT e¢evee)
END
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SUBRCUTINE MASFLO

LAAARAA A AL A LS A A A A A AR A A Al A R R A X R R R Y E R R R R R T R R R PRy ey

THIS SUBROUTINE CALCULATES THE INITIAL-DATA OR SOLUTION SURFACE

MASS FLOW AND MOMENTUM THRUST

.'D..'.Q.'...Q'.0'..0.'0.00".'0..‘0'100.'.'0.000'..'00000‘0..

CALL.MCC

LC2=LC-LC

CALCULATE AND PRINT THE MASS FLOW AT EACH L LOCATION

1P=0

ND=N3

IF (N_EQ.O) ND=1

NP =N+NSTART

IF (IUO.NE.2) WRITE (6.80) NP

1F (I1UC.€Q.2) WRITE (6,90) NP

DO 70 L=1,LMAX

LMAP=L

XMASS=0.0

THRUST=0.0

IF (MDFS_NE.O) 1B=3

LDFS=0

IF (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS=1
D0 50 M=2 MMAX

MMAP =M

CALL MAP

MMAP=M- 1

YFi=VP

CALL map

IF (M_NE.MDFS.OR.LDFS.EQ.0) GO TO 10

ROU=(ROL(L.ND)*UL(L .ND}+RO(L . M-1 ND)sU(L.M-1,ND)}+0.5
ROU2=({ROL(L.ND)*UL(L.ND)*+2+RO(L M-t NDY+U(L M-1_ND)**2)¢0.5

18=4
GO T0 20

10 ROU=(RO(L .M. ND)}+U(L M _ND}+RO(L M-1 ND)*U{L M-1,ND)}+O.5
ROU2=(RO{L M. ND)+U(L.M ND)++24RO(L M- 1 ND)*U(L.M-1.ND)*+2)+0.5
20 IF (NDIM EQ.1) GO 7O 30

AREA={YP1-YP)/LC2
GO 10 40

30 AREA=3.141593¢(YP1e+2-YPe+2)}/1C2
40 XM2SS=XMASS+ROUCAREAG

THRUST=THRUST+ROU2+AREA

50 CONTINUE

IF (L.EQ.1) XMASSI=XMASS

XMFR=0.0

IF (XMA° ST _NE.O.O) XMFR=XMASS/XMAGS?
IF (L.EQ.1) THRUSI=THRUST

TR=0.0

IF (THRUSI .NE.O.0) TR=THRUST/THRUSI
IF (IUD.NE.2) GO 10 6Q
XMASS=XMASS+0.4536
THRUST=THRUST*4_ 4477

IF (NDIM.NE.O) GO TO 60
XMASS=XMASS/2.54

THRUST =THRUST/2.54

60 WRITE (6,100) L XMASS XMFR_ THRUST,TR
70 CONTINUE .

RETURN

FORMAT STATEMENTS

80 FORMAT (1H1,20X,36HMASS FLOW AND THRUST CALCULATION, N=,16,//30X.1
1 HL, 7X 9HMF (LEM/S) . 8X , 6HMI/MF1 . 8X 6HT(LBF ) 11X ,4HT/T1./)

OO0 FORMAT (tH1,20X,36HMASS FLOW AND THRUST CALCULATION, N=.16,//30X,1
1 HL,BX, 8HMS (KG/S),.8X,6HMF/MF 1, 10X 4HT(N), 11X, 44T/ T1,/)

100 FORMAT (1M ,20x,110.F16".5.F14.4 ,2F15.4)

ENO
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SUBROUTINE PLOT (TITLE.T. NP IVPTS)

POCOERRDROPP0C02000000000CEREPICPINQOINOPORIOIIPNOIRITIOROIOIOPOEIPOIPTOOOTSE

THIS SUBROUTINE PLOTS THE VELOCITY VECTORS AND DEPENDENT VARIABLE

CONTOUR PLOTS

.-t'.t......'......‘000"0.'..‘0C"CC."Oi!-.'..‘...‘..."‘.'.

DIMENSION CON(9), XCO(4), YCO(4), TITLE(10)

«CALL . .MCC
C

Cc
c

[a]

c

SET UP THE PLOT SIZE

1P=0

ND=N3

IF (N.EQ.O) ND=1
XXt=x1

XR=XE

YT=YwW(1)

Y8=YCB( 1)

DO 10 L=2,LMAX
YT=AMAX (YT, YW(L))
YB=AMINI(YB,YCB(L))

10 CONTINUE

VV=-0. 1+DX
0O 70 IOUM=1 IVPTS
VVsVV+DX
F1YB=900.0
XD={(XR-XXL}/(YT-¥YB)

FiR=(1022.0-1022.0/FLOAT(L1)-FLOAT(1DUM)+*1022.0/FLOAT(L1))/884.0

iF (XD.LE.FIR) GO 1O 20
FIXL=1022.0/FLOAT(L )
FIXR=1022.0-FIXL-FLOAT(IDUM)*1022.0/FLOAT{LY)
FI¥YT=900.0-(F1XR-FIXL)/XD

GO TC 30

20 FIXL2511.0-450.0+XD

FIXR=*511.C+450.0+XD
FI¥YT=16.0

30 XCONV=(FIXR-FIXL)/(XxR-XXL)

YCONV=(FIYT-FIYB)/(YT-VB)
GENERATE THE VELOCITY VECTCR PLOT

VMAX=0.0

DG 40 L=1 LMAX

DO 40 M= 1 MMAX ‘

VMAXAMAX 1(VMAX ABS{U(L .M _ND)) ABS(V(L.M,ND)})

40 COMNTINUE

IF (VMAX_LY.1.0€-10) GO TO 80
DROU=VV/VMAX

CALL ADV (1)

DO 60 L= LMAX

LMAP =L

1f (MOFS.NE.O) IB=3

LDFS$=0

IfF (L.GE.LOFSS.AND.L.LE.LDFSF) LDFS=1
IXI=FIXL4(XP(L)-XI)*XCONV

DO 60 M=1 MMAX

MMAP =M

CALL MAP

IF (M.NE.MDFS.OR.LDFS.%0Q.0) GO T0 S0
171=FIYB+{YP-YB)eYCONV
IX2=1X1+UL(L . NO) +DKOU*XCONV
IV2=1Y1+VL(L.ND)*DROU YCONV

CALl DRV (IXt, 1YY, IX2,1v2)

caLL PLT (IX1,1Y1,16)

12=4

CALL MAP

S50 1Y1=FlyB+(YP-YB)+YCONV

IX2=1X1+U(L .M ND}+DROUXCONY
I¥2=1Y1+V(L .M _NC)*DROU+YCONV

129
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70

80

90

100

110

120

130

CALL DRV (IX1,1Y1,IX2,1Y2)
CALL PLT (IX1,%Y3,16)
CONTINUE

CALL LINCNT (58)

WRITE (7,580) IDUM,NP,T
WRITE (7,500) TITLE
CONTINUE

RESET PLOT SIZE FOR CONTOUR PLUTS

IF {XD.LE.FIR) GO YO S0
FIXR=1022.0-FIXL-1022. O/FLCAT(Ll)
FIYT=500.0-(FIXR-FIXL)/XD
XCONV=(FIXR-FIXL)/(XR-XXL)
YCONV:(FIYT-FIYB)/(YT-Y8B)

GENERATE THE PHYSICAL SPACE GRID

CALL ADV (1)

00 110 L=2,LMaX

IF (MDFS_.RE.Q) 1B=3
IX1=FIXL+(XP(L~1)-X1)+XCONV
IX2=FIXL+(XP(L)-X1)+*XCONV
LDFS=0

IF (L.GE.LDFS3.AND . L.LE.LDFSF) LDFS=1
DO 110 M=1 MMAX

LMAP=L -1

MMAP =M

CALL MaAP

LMAP=L

YP1=YP

CALL MAP

IF (M.NE.MDFS.OR.LDFS.EQ.0) GO TO 100
1Y1=FIYB+(YP1-YB)=YCONV
1Y2=F1YB+(YP-YB)+YCONV

CALL DRV (IX1,IY1,1Xx2,1Y2)
1B=4

LMAP=L -1

CALL MaAp

LMAP=L

YP1=yp

CALL MAP
IY1=FIVB+(YP1-YB)sYCONV
1Y2=F1YB+(YP-YB)+YCONV
CALL DRV (IX1,1Y1,IX2,1Y2)
CONT INUE

DO 130 L=t ,LMAX
IX1xFIXL4(XP(L)-XI)*XCONV
IY1=FIVB+(YCB(L)-YB)eYCONV

IF (MDFS.£0.0) GO TO 120

iF (L.LT.LDFSS.OR.L.GT.LDFSF) GO TO 120
IV2=FI1vY8S+(YL(L)-Y8)+YCONV

CALL DRV (IX1_IY%,IX1,1IY2)
IY1=F1y8+{YU(L)-YB)*YCONV
IY2=F1YB+(YW(L)-YB)*YCONV

CALL DRY (IX1,IY1,IX1,1Y2)

CONT INUE

CALL LINCNT (S8)

WRITE (7,5380) NP, T

WRITE (7,500) TITLE

FILL THE PLOTTING ARRAY CQ FOR THE CONTOUR pPLOTS

MOUM > MPAA X

IF (MDFS._NE.O) MDUM=MMAX+1
IUC=1.0

IF (IUD.EQ.2) [UC=0.0
10UM=4

UF (ITM.EQ.2) IDUM=5
IF (1TM_EQ.3) 1DUM=6
DO 430 1=1,I0UM
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140
150
160
170
180
190

200
210

220
230

240

250

260
27¢

280

290

300
310
320
330
340

350
360

0O 270 L=1,LMAX

LDFS=0

IF (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS=1

DO 270 M=1{ MOUM

IF (LDFS.EQ.O0.AND.M_EQ.MMAX+1) GO TO 270
MO =M

IF (LDFS.NE.O.AND.M_GT.MDFS) MOD1=M-1

IF (M_NE_.MDFS.OR.LDFS.EQ.O) GO 10O 200
GO TO { 140,150,160, 170,180,190}, 1

CQIL ,M)=ROL(L.ND)*G*(¢6.02-1UC*15.02)
GO TO 270
CU(L.M)=PL(L.ND)/PC+{6.8948-1UC*5.8948)
GO TO 270

CO(L . M)=PL(L,ND)/(ROL(L.ND)*RG)*(0.555556+IUC+C.444444)
GO 1C 270

CO(L.M)=SQRT((UL(L,ND)*+2+VLIL.ND)*+2)/(GAMMA*PL (L. ND)/ROL(L,ND)))

GO T0 270

CO(L . M)=QL(L.ND)+(0.092941UC*0.9071)

GO TO 270
CQ(L.M)=EL(L,ND)+(0.0929+1UC+*0.9071)

GO TO 270

GO TO (210.220.230.240.250.260). 1
CQIL.M)=ROIL . MD1 ND)*G+(16.02-ilIC*15.02)
GO 10 27¢C

oL . M)=P(L...u1 NC)/PC*(6.8348-1UC+5.8948)
GO 70 270

CQ(L . M)=P(L ,MD1 ., ND)/(ROLL.MO1,ND)*RG)*(0.5555564UC+0.444444)

G0 70 270

COUL . M)=SORT({U{L . MD1.ND)**24VI(L MDI NG ++2)/(GAMMASP(L_MD$ ND)/RO
1 (L ,MDI _ND))} ’

GU TO 270 :

CQIL.M)=Q(L ,MD1,ND)+(0.0929+]UC+C.907 1)
GO Tu 270
CG(L,M)=E(L ,MDi ,ND)*(0.0929+IUC+0.9071)
CONTINUE

DETERMINE THE PLOTTING LINE QUANTITIES AND LABEL THE FRAMES

OMN=t _QEOG
QMX r ~-QMN

DO 280 L=1,LMAX

LDFS=0

IF (L.GE.LDFSS.AND.L.LE_LDFSF) LDFS=1
DO 280 M=1_MOUM

IF (LDFS.EQ.C.AND.M EQ_MMAX+1) GO TO 280
CMN=AMINI(CQUL M} uMy) -
QMA-AMAYT{CO(L M) QMX

CONT INUE

XX=QMX - OMN

090, 1°XX

00 290 K=1.9

CON{K ) =QMN+{FLOAT(K))+DQ

CONTINUE

x=9

CALL ADV (1)

CALL LINCNT (58)

GO TJ (300.310.320,330,.340,.350). 1
WRITE (7.510) NPT

GO 10 360

WRITE (7.520) NP,V

GO TO 360

WRITE (7.530) NP.T

GO 1O 350

¥RITE (7.540) NP, T

GO TO 360

WRITE (7.550) NPT

GO TO 360

wWRITE (7.560) NP, T

WRITE (7,570) QMN,QMX,CON{1),CON(K),DQ
WRITE (7.500) TITLE

13
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DETERMINE THE LOCATION OF EACH CONTOUR LINE SEGIMENT ANO PLOT 1IT

DO 470 L=2.LMAX
IF (MDFS.NE.O) IB=3

XCO(1)=xP(L-1)

XCO(2)=xP(L)

xco(3)=xca(1)

Xxco(4)=xco(2)

LDFS=0

IF (L.GE.LDFSS.ANO.L.LE.LDFSF) LDFS=1
DO 470 M=2 MMAX

MD2:M

MD3=M

IF (MDFS.EQ.O.OR.M.LE.MOFS) GO TO 370
IF (L.GE.LDFSS.AND.L.LE.LDFSF) MD2:M+}
IF (L.GE.LDFSS+1.AND.L.LE.LDFSF+1) MD3=M+1
LMAP=L-1

MMAP =M~ 1

CALL MAP

LMAP=L

YCO(1)=vP

CALL Map

LMAP=L-1

MMAP =M

YCO(2)=YP

CALL Map

LMAP=L

YCO(3)=YP

CALL Map

yco(4)=vp

IF (M.NE.MOFS.OR.LDFS.£Q.0) GO TO 380
1B=4

DO 460 KX=1 K

K10

K2=0

K3=0

Xa=0

IF (CO(L-1,MD3-1).LE.CON(KK)) Ki=1
IF (CQ(L.MD2-1).LE.CON(KK)) K2=1
IF (CQ(L-1 ,MD3).LE.CON(KK}) K3=1
IF (CO{L.MD2).LE.CON(KK)) Ka=1

IF (K1eK2+K3+K4.NE.O) GO TO 460

IF (K1+K2+X3+K4 EQ.0) GO TO 460
LL=0

IF (KI1+K3.NE.1) GO TO 390

I1IC1=1

1C2=3

LP1=L-1t

MP 1=MD3- 1

LP2=L-1

MP2=MD3

ASSIGN 390 TO KRt

GO TO 420

IF (K1#K2_.NE.1) GO TO 400

ICt=t

1C2=2

LPi=L-1

MP 1=MD3- 1

LP2=L

MP2=MD2- 1

ASSIGN 40C TO KR1

GO TO 42¢C

IF (K2+K4 NE.1) GO TO 410

1C1=2

1C2=4

LPI~L

MP {=MD2- 1

LP2=L

MP2aMD2

ASSIGN 410 TO KR1

GO TO 420



o000

anon

410

420

430

IF (K3+K4_ NE.1) GO fO 460

1C1=3

1C2-4

LtP1=L-1

MP 1=MD3

LP2=L

M22:=MD2

ASSIGN 4EQ TO KR1

LL=LL+1?

Y2 {CON(KK)-CQILPI ,MP1))/(CQ(LP2.MP2)-CQ(LP{ MP1))
IF (LL.EQ.2) GO TO 43¢
IX1=FIYL+(XCO(ICT)+XXe{XCO(IC2)-XCO(IC1})-XXL)*XCONV
Iv1=FIYB+(YCO(ICT)+XX*(YCO(IC2)-YZO(IC1))-YB)eYCONV
GO TO KR1, (390,400,410,460)
IX2=FIXL*(XCO(IC)+XX*(XCOLIC2)-XCO(TIC1))-XXL)eYCONV
1Y2=FIYRS(YCOCLICI I+ XXo(YCO(IC2)-YCOUIC1))-YB)=YCONV
CALL DRV (IxX1_ IV, 1x2.1Y2)

If (KK.NE_.1) GO 10 440

CALL PLT fIX1,1Y1 .35)

440 IF (Mw NE_.K) GO TO 450

CALL PLT (IXt, IY?t 24)

450 LL=0

460
470

480
490

SO0
510
S20
$30
540
550

£30

$70

580

590

IF (LP2.NF.L) GO TO 460

IF (MP2.NE_MD2-1) GO TO 460
GO TO 400

CONT INUE

CCNTINUE

DRAW THL GFOMELTRY EOUNDARIES FOR THi CONIOQUR PLOTS

D0 480 L=2.LMAX
IX1=FIXL s (XP(L-1) XI)-XCONV
IX2-FINL#(XP(L)-X1)*xCONV
IY1=FIYB+(YCBI(L-1)-YB)+*YCONV
1Y2=F1YB+(YCB{L)-YB)+*7CONV
IV3=FIYB+(YW(L-1)-YR)*YCONV
IY4=FIYB+{YW(L) -YB)+YCCNV
IvS=FIYB+{rL{L-1)-1B)sVCONV
IV6=FIYB+(YL(L)-YB) YCONV
1Y7=F1YB+{YU(L-1) -YB)*71CCNV
IY8=FIYB+(vU(L)-1B)*YCONV
CALL DRV (IXt, IV1.IXx2,1Y2)
CALL DRV (IXx? I1Y3,1x2,1Y4)
IF (MDFS.EQ.0) GO TG as0

IF (L.LE.LDFSS.OR.L.GT.LDFSF) GO TO 180
CALL DRV (1Yt 1Y5 1x2,1Y6)
CALL DRV (IX1,1Y7,1x2,1Y8)
CONT INUE

CONTINUE

CALL ADvV (1)

RETURN

FORMAT STATEMENTS

FORMAT (1M _1048)
FORMAT (tH (7HDENSITY, 24X ,2HN=, 16,2X,2H7= 1PE10.4.4H SEC)

FORMAT (1H .BHPRESSURE.23Y,2HN=,16,2X,2HT=_1PE10.4 . 4H SEC)

FORMAT (M | 1 IHTEMPERATURE,ZOX,2HN= 162X, 2HT~, 1PE1C.4.4H SEC)
FORMAT (1H _11HMACH NUMBER,20X,2HN=,16.2% 2HT= 1PE10.4.4H SEC)
FORMAT (1H [ 17HTURBULENCE ENERGY,20X,2hN=,1€,2X,2HT=, 1PE10.4,4H SE
1c)

FORMAT (1H ,16HDISSIPATION RATE.20X.2HN= 16,2X . 2HT= 1PE10.4.4H SEC
1)

FCRMAT (1H _1CHLCW VALUE= 1PE11.4,2X. 1 HHIGH VALUE=.E11.4.2X. 12HLG
W CONTOUR=_.E11.4./,1X, 13HHIGH CONTOUR= _E11.4.2X, 14HOELTA CONTOUR=
2 LE11.4)

FORMAT (1M ,18BHVELOCITY VECTORS (..1.2HX), 10X,2HN=, 16,2X, 2HT+, 1PE1
1 0.4,4H SEC)

FCRMAT (1H ,19HPHYSiCAL SPACE GRID,10X.2HN=,16,2X.2HT=,15€10. 4, 4H
1SEC)

EMD

133
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2898 SUBROUTINE SWITCH (iSWITCH)
2899 C

2900 C VP e 0020000000000 0000 0000020000800 000ttt tsetvtivedoertoteen
290t C

2902 < THIS SUBROUTINE SWITCHES THE DUAL FLOW SPACE BOUNDARY SOLUTIONS
2903 C BETWEEN THE DUMMY ARRAYS AND THE SOLUTION ARRAYS
2904 C

2905 C 2000000000000 0008000000000 000000¢ 0000t eeetiedecstsctdencee
2906 C . )

2907 C ISWITCH=2 SWITCHES THE FLOW VARIABLES, BOUNDARY CONDITIONS, AND
2308 C VISCOUS TERMS AT N AND N+1. [ISWITCH=3 SWITCHES THE FLOW VARIABLES
2809 C AT N. ISWITCH=5 SWITCHES THE FLOW VARIABLES AT N AND STORES THE
2910 C VISCOUS TERMS. .

2911 C

2912 »CALL,MCC

2913 C

2914 C SWITCH THE FLOW VARIABLES AT N

23915 C

2916 DO 1O L~LDFSS,LDFSF

2917 UDFS=UL(L,N1)

2918 VDFS=VL(L.N1)

2919 POFS=PL(L.N1)

2920 RODFS=ROL(L,N1) R
2921 UL(L.N1)=U{L.MDFS N1)

2322 VL(L,.N1)=VIL ,MDFS N1)

2923 PLIL.Nt)=P(),,MDFS Nt)

2924 ROL (L .N1)=RO(L,MDFS,N1)

2925 U{L,MDES.N1)=UDFS

2926 V(L.MDFS . N1)=VDFS

2927 P(L,MDFS ,N1)=PDFS

2928 RU(L ,MDFS . N1)=RODFS

2929 (F (ITM_LE.1) GO TO tO

2930 ODFS=QL{L.N1)

2931 EDFS=EL(L.N1T)

2932 QL(L . N1)=Q(L,MOFS .N1)

2935 EL(L.N?!)=E(L . MDFS N1)

2934 Q(L ,MDFS N1)=0DFS

2935 E(L.MDFS N1)=EDFS

2936 10 CONTINUE

2937 IF (ISWITCH.£Q.3) RETURN

2938 IF (ISWITCH.EC.S) GO 10 70

2939 C

2940 C SWITCH THE FLOW VARIABLES AT N#1
2941 C

2942 DO 20 L=LDFSI,LDFSF

2943 UDFS=UL(L.N3)

2944 VOFS=VL(L ,N3)

2945 POFS=PL(L,N3)

2946 ROCFS=ROL(L N3)

2347 UL(L,NJ3)*U(L MD¥FS . N3)

2948 VL(L.N2)=V(L MDFS.N3)

2949 PLIL.N3)=P(L ,MOFS N3)

2850 ROL{L ,N3)=RO(L.MDFS ,N3)

2951 U(L.MDFS . N3)=UDFS

2952 VIL,MOFS N3)=VDFS

2953 P(L.MDFS,N3)=PUFS

2954 RO(L,MDFS.N2)=RODFS

2955 IF (ITM.LF.1) GO TO 20

2956 QOFS=QL(L.N3)

2957 EDFS=EL(L ,N3;

2958 OL(L . N3)=Q(L ,MDFS N3)

2959 EL(L.N3)2E(L,MDFS N3)

2960 Q(L.MDFS ,N3)=QDFS

2961 E{L ,MOFS ,N3)=EDFS

2962 20 CONTINUE

2963 C

2964 C SWITCH THE BOUNDARY CONUITIONS

2965 C

2966 IF (LOFSS.NE. 1) GO 10 40

2967 IF (ISUPER.GE.2) GO 10 40

2968 IF (ISUPER.EQ.1) GO TU 30

2969 PTDFS=PTL




2970
2971
2972
2973
2974
297S
2976
2977
2978
2979
2980
2981
2982
2383
2984
2985
2986
2987
2988
29¢€9
2590
2991
2992
2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009
2010
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3021
3022
3023
3024
3025
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30

49

S0

€0

7

80

TTOF3=TTL
THETOFS=THETAL
PTL=PT(MDFS)
TTL=TT(MDFS)
THETAL=THETA(MDFS)
PT(MDFS)=PTDFS
TT(MOFS)=TTDFS
THETA(MNDFS)=THETOFS
GO TO 40

PIDFS=PIL
PILaPI(MDFS)
PI(MDFS)=PIDFS

IF (LDFSF.NE.LMAX) GO 10 SO
PEDFS=PEL
PEL=PE(MDFS)
PE(MDFS)=PEDFS

S4ITCH THE VISCOUS TERMS

IF (CAV.EQ.O0.0.AND.CHECK.EQ.0.0) RETURN
D0 60 L=LDFSS LDFSF
QUDFS=QUTL(L)
QVOFS=QVTL(L)
QPDFS=QPTL(L)
QRODFS=QROTL(L)
QUTL(L)=QUTI(L ,MOFS)
QVTL(L)=QVT(L ,MDFS)
QPTL(L)=QPT(L ,MDFS)
QROTL(L)=QROT(L ,MOFS)
QUT{L ,MDFS )=QUOFS
QVT(L ,MDFS)=QVDFS
QPT(L ,.MDFS)=Q®DFS
QROT(L .MCFS ) =GROUFS
IF (ITM.LE. 1) GO TO 60
QQDFS=QQTL(L)
QEDFS=CETL(L)
QOTL(L)=0QT(L MOFS)
QETL(L)=QET(L ,MDFS)
QUT(L ,MDFS)=QQDFS
QET(L .MDFS)=QEDFS
CONT INUE

RETURN

STORE THE VISCOUS TERMS

DO 80 L=LDFSS,LDFSF
CUTL(L)=QUT(L,MDFS)
QVTL(L)=QVT(L MDFS)
QPTL(L)=QPT(L . MOFS)
QROTL(L)=QROT(L,MDFS)
IF (ITM.LE. 1) GO TO BO
QQTL(L)=Q0QT(L ,MDFS)
QETL(L)=QET(L,.MOFS)
CONTINUE

RETURN

END



3026
3027
3028
3029
3030
3031
3032
3033
3G34
3035
3036
3037
3038
3039
3040 C
3041
3042
3043
3044
3045
3046
3047
3048
3049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059
3060
3051
3062
3063
3064
3065
3066
30€7
3068
3069
3070
3071
3072
3073
3074
3075
3076
3077
3078
3079
3080
3081
3082
3083
3084
2085
3086
3087
3088
3089
3090
3091
3092
2093
3094
3095
3096
3097
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SUBROUTINE VISZTOUS

PP PO 00080000 Ce0IrssserssettocicriisicssItssiIieeiIsessovececso

IS SUBROUTINE CALCULATES THE LOCAL ARTIFICAL VISCGS!TY,
MOLECULAR VISCOSITY, AND TURBULENCE TERMS

PN L0 0CCINIEIISINCPEITPINCERITPEIOROIIICERIVPEIPNINLEROISEGRPIOERIOSIIQBSEITGIIDLTYS

’

CALL .MCC

REAL MU. LA, LP2M, LPM, K, MUT, LAT, LP2MI, LPMT, KT, mMUTt, MUIT2,
1 MUT3, MUT4, LATY, LAT2, LAT3, LAT4, KT{, KT2, KI3, KT4, LP2MTY,
2 LP2ZMT2, LP2MT3, LP2MT4, MU1, MU2, MU3, MU4, LA1. LA2, LA3, LA4,
3 K1, K2, K3, K4, LP2M1, LP2M2, L22M3, LP2M4, MUTD, MUTT

19=1

IF (N.NE.1) GO TO 10

1F (NVC.NE.1) GO TO 10
SIGQR=1.0/51GQ
SIGER=1.0/SIGE
F2I=FLOAT(2-1VBC)
GAM=GAMMA-1.0
DRK=GAM1+RG/PRA
TRK=GAM! *RC/PRT
GRG=GAMMA +RG

X1TM=0.0

IF (ITM.EQ.Z) X!TM=0.67
MU=0.0

LA=0.0

K=0.0
MU1=0.
MU2:=0.
MU3=0.
MU4=0.
LA1=0.
LA2=0.
LA3=0.
LA4=0.
K1=0.0
K2:0.0
K3=0.0
K4:0.0
LP2M=0.0
LP2M1=0.0
LP2M2=0.0
LP2M3=0.0
LP2M4=0.0
LPM=0.0
MUTD:=0.0
DLP2MT=0.0
DMUT=0.0
DLAT=0.0
MUT=0.0
LAT=0.0
KT=0.0
MUT1=0.0
MUT2=0.0
MUT3=0.0
MJT4=0.0
LAT1=0.0
LAT2=20.0
LAT3=0.0
LAT4=0.0
KT1=0.0
KT12=0.0
KY3=0.0
KT4=0.0
LP2MT=0.0
SMU1=0.0
SMU2=C.0O
SMU3=0.0
SMU4=0.0

Q0000000



3098
3099
3100
2101

3102
3103
3104
3105
3106
3107
3108
3109
3110
3119

3112
3113
J114
3115
3116
3117
3118
3119
312G
3121

3122
3123
3124
3125
3126
3127
3128
3129
3130
3131
3132
3133
3134
3135
31353
3137
3138
3139
3140
3141
3142
3143
3144
3145
3146
3147
3148
3149
3150
3151
3152
3153
3154
3155
3156
3157
31¢8
3153
3160
3161
316"

3163
3164
3165
3166
3167
3168
3162

LP2MT1=0.0
LP2MT2=0.0
LP2MT3=0.0
LP2MT4=0.0
LPMT=0.0
TML=0.0
RMU=0.0
RMU1=0.0
RMU2=0.0
RMU3=0.0
RMU4:0.0
RLA=0.0
RLA1=0.0
RLA2:0.0
RLA3=0 O
RLA4=0.0
RK=0.0
RK1=0.0
RK2-0.0
RK3=0.0
RX4=0.0
RLP2M=0.0
RLP2M1=0.0
RLP2M2:0.0
RLP2M3=0.0
RLP2M4=0.0
RLPM=0.0
RRO=0.0
RR0O1=0.0
RR02=0.0
RR03=0.0
RR04=0.0
RODIFF=0.0
EROT=0.0
TLMUR=0.0
AVMUR=0.0
DEL=0.0
QSM0=0.0
€SM0=0.0
ROXY1z0.0
ROXY2=9.0
ROXY3=0.0
ROXY4=0.0
ROXY12=0.0
RROY1=0.0
BRQOY2:0.0
BROY3=0.0
BROY4-0.0
BROY34:0.0
URCT=0.0
VROT=0.0
PROT=0.0
Q0D155=0.
QPROD-0.
CDIFF=0.
WROT1=0.
EFROD=0.
EDIFF=0.
EDISS=0.
ELOWR=0.
ROQX=0.0
ROQY=0.0
ATERM=0.0

ATERM1=0.0

ATERM2:0.0

ATERM3=0.0

ATERM4=0.0

UVTA=0.0

VVTA=0.0 -
PVTA=0.0

PCTA=0.0

RCDIFFA=0.0

[sNeRoNoNeNoNoNo]
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3170 UROTA=0.0

3171 VROTA=0.0

3172 PROTA=0.0

3173 QPRODA=0.0

3174 QDIFFA=0.0

3175 EPRODA=D.O

176 EDIFFA=Q.0

3177 QROTTA=0.0

3178 EROTA=0.0

3179 ELOWRA:0.0

3180 SMI=1.0

3181 ROUM=Q.0

3182 ECHECK=ABS(EMU)+ABS{ELA)+ABS(EK)

3183 1F (ECHECK.EQ.0.0) GO 10 10

3184 IF (ABS(EMY) .EQ.ABS(ELA).AND.ABS(EMU).EQ.ABS{EK)) ECHECK=-1.0
3185 C

3186 10 NLINE=O

3187 IF (IAV.£EQ.Q) GO TO 3D

3188 IF (NC.NE.NPRINT.AND.(N.NE _NMAX.AND.1SIOP.£Q.0)) GO TG 30
3189 1F (IAV.EQ.2) GO 7O 20

3190 IF (NVC.GT.2.AND.NVC.NE NVCM+1) GO T0 30
3191 20 WRITE (6,1460)

3192 NP=N+NSTART

3193 WRITE (6,1450) NP NVC

3194 C

3195 C DO LOOP SET-UP

3196 C

3197 30 MIS=1

3198 MIF =MMAX

3199 IF (IVC.EQ.0) GO TO 40

3200 1F (NVC.EQ.1) GO TC 40

3201 MIS=MVCB

3202 MIF=MVCT

3203 40 1DFS=0

3204 C

3208 IF (%DFS.EQ.0) GO TO 70

3206 IF (NVC.EQ. 1.AND.MDFSC.NE_.O) GO YO 70
3207 CALL SWITCH (3)

3208 "MIS=1

2209 IF (NVC.NE.1) MIS=MVCB

3210 MIF=ROFS

3211 1B=3 -
3212 GO 70 70 .
3213 50 CALL SWITCH (5S)

3214 MIS=MOFS+1

3215 MIF=MMAX

3216 IF (NVC.NE.1) MIF=MVCT

3217 18=4

3218 GO TO 70

3219 60 IDFS=1

3220 MIS=MOFS

3221 MIF=MDFS

3222 =

3223 C BEGIN THE L OR X DO LOOP

3224 C

3225 70 DO 1410 L=1, LMAX

3226 LMAP=L

3227 LDFS=0

3228 IF (L.GE.LDFSS.AND.L.LE.LDFSF) LDF3=1
3229 IF (L.NE.1.AND.L.NE.LMAX} DXP=0.5+{XP(L+1)-XP(L-1))
3230 IF (L.EQ.1) DXxP=XP(2)-XP(1)

3231 IF (L.EQ.LMAX) DXP=XP(LMAX)-XP(L1)
3232 IF (1DFS.EQ. 1.AND.LDFS.EQ.0) GO TQ 1410
3233 C

3234 C CALCULATE THE WALL SHEAR STRESS FOR THE MIXING LINGTH TURBULENCE
3235 C MODELS

3236 C

3237 IF (ITM_NE.t.AND.ITM NE.2) GO TO 160
3238 IF (MDFS EQ.O) GO TO 80

3239 IMLM=

3240 IF (LCFS.NE.O) IMLM=2

3241 B8O IF (IMLM_EQ.1) GO TO 60
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100

110

120

130

140

15C

160

170
180

190

210

1F (MDFS.NE.O) GO TO 100

IF (NGCB.NE.O) GO TO 90

MT=M1

MMAP =MMAX

GO TO 110

MT=2

MMAD = ¢

GG TO 110

MMAP = MDFS

180=18

18=4

MT=MDFS+1

CALL MaAP

IF (L.EQ.$.0R.L.EQ.LMAX) 30 19 120
UAVG=0.25°(U(L-1,MT N1)+U(L+1 MT Nt)+2 O°U(L MT _Nt))
VAVG=0.25¢(V(L-1 MT N1)+V(L+1 , MT N1)42.0sV(L.MT N1))
GO T0 130

UAVG=U(L ,MT N1)

VAVG=V(L ,MT N1)

TAUW=ABS(BE3sUAVG+AL3+VAVG)*DYR

IF (MDFS.EQ.0) GO TO 160

TAUWP =TAUW

I1B=3

CALL MapP

MT=MDFS-1

IF (L.FO.1.0R.L.EQ.LMAX) GO TO 140
UAVG=0.25¢(U(L~1 . MT N1}+U(L+1 MT N1)+2.0°U(L.MT ,N1))
VAVG=0.25*4V(L-1 MT N1)3VIL+1 MT N1)42 O*V(L.MT.N1})
GO 10 150

UAVG=U(L MT N1)

VAVG=VIL,MT N1)

TAUWM=ABS(BEJ*UAVG+AL 3°VAVG)*DYR

18=18BD

BEGIN THE M OR Y DC LOOP

DO 1400 M=MIS MIF

IF (IVC.EQ.0) GO 10 190

IF (NVYC.NE.1) GO TO 190

1 (MVCB.NE. 1) GO 10 170

1F (M_EQ.1)} GO TO 1400

GO TO 180

IF (MVCT.NE.MMAX) GO TO 180

IF {(M.EQ.MMAX) GO TO 1400

IF (M.LT.MVCB.OR.M.GT_MVCT) GO 10 190
GO TO 1400

IES=0

IF (M.EQ.MMAX) IES=1

IF (M_EQ.1.AND.NGCB.NE. Q) 1ES=1

IF (M.EQ.MOFS.AND.LDFS.NE.O) 1ES=1

CALCULATE THE TURBULENT MIXING LENGTH

IF (1TM.EQ.0.CR.ITM EQ.3) GO TC 210

IF (NVC.NF.1) GO TO 200

IF (M.EQ.MIS) CaLL MIXLEN (L.M)

TF (M_EQ.MVCT+1 AND_MVCB.EQ.1) CALL MIXLEN (L, M)

IF (M. EQ.MVCT+1_AND.(MDFSC.NE.Q.AND_.LDFS.NE.O)) CALL MIXLEMN (L.M)

GC 70 210
IF (M.EQ.MVCB) CALL MIXLEN (L M)

IF (M.EQ.MDFS.AND.{LDFS.NE.O.AND.IDFS.NE.O)) CALL MIXLEN (L.M)

IF (M.EQ.MOFS+ 1 AND.MDFS.NE.O) CALL MIXLEN (L.M)
SET SPECIAL CONDITICONS FOR L=1 OR LMAX

IF (L.NE.LMAX.AND.L.NE.1) GO TO 230
TML=0.0

MUI-0.C

TLMUR=0.0

AVMUR=0.0

If (M.EQ.1.0R.M.EQ.MMAX) G0 TO 1340
IF (L.€Q.1) GO TO 220
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140

3314
3315
3316
3317
3318
3319
3320
3321
3322
3323
3324
3325
3326
3327
3328
3329
3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
33544
3345
3345
3347
3348
3349
3350
3351
3352
3353
3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364
3365
3366
3367
3368
3369
3370
3371
3372
3373
3374
3375
3376
3377
3378
3379
3380
3381
3382
3383
3384
3385

anoon

anon

220
230

240

250

260

1F (LDFSF.EQ.lﬁAX.lNO.N.EO.HOFS) GO TO 1340

GO 10 230

IF (LDFSS.EQ.1.ANO.M_EQ.MDFS) GO TO 1340
RORR=1.0/RO(L .M ,Nt)

MMAP =M

CALL MAP
OM=2.0°0OM1+0M2/(0CM1+0M2)
BE=2.0°BEJ*BEA/(REJ+BEA)
AL34=AL3+AL4

DEJ4=DEI+DESL

IF (AL34.EQ.0.0) AL34=1.0
IF (DE34.EQ.0.0) DE3421.0
AL22.0+AL3*AL4/AL34S
DE=2.0+DEJ*DE4/DE3S

IF (YP.NE.O.O) RYP=1.,0/YP
YP3=YP-0.5+DY/RE3
YP42YP+0.5+°DY/BE4

CHECK FOR ARTIFICAL VISCOSITY

IF (CAV.EQ.0.0) GO TO 250

IF (L.LT.LSS.AND.CHECK.EQ.0.0) GO TO
IF (L.GT.LSF.AND.CHECK.EY.0.0) GO 10
IF (M_LT_MSS.AND.CHECK.EQ.0.0) GO 10
IF (M_GT.MSF._AND.CHECK.EQ.0.0) GO 10

XVzU(L M NT1)eU{L M NI1Y2V{L M N1)eV(L M N1)

XA=GAMMA+P (L . M_N1)*RORR
XM2XV/XA
SMT=1.0

IF (NCSLIP.NE.O.AND.XM.LT.1.0) SMT=xM

1f (SMACH.EQ.0.0) GO TO 250

IF (XM_LT.SMACH*SMACH._AND.CHECK.EQ.0.0) GO TO 240

GO T0 250
CUT{(L.M)=0.0
QVT(L,M)=0.0
QPT(L.M)=0.0
QROT(L,M)=0.0
GO TO 1340

CALCULATE THE X DERIVATIVES

T=P(L.M._N1)/(RO(L.M_N1)*RG)
A=SQRT(GRG*T)

IF (L.EQ.1) GO TO 260
ULM=U(L-1.M N1)
VLM=V(L-1,M N1)
PLM=P(L-1,M_N1)
ROLM=RO{L-1,M N?)
QLM=Q(L-1.M ,N1)
ELM=E(L-1,M N1)

1F (L.EQ.LMAX) GO TO 280
ULP=U(L+1 M N1}
VLP=V(L+1 M ,N1)
PLP=P(L+1,M N1)
ROLP=RO(L+t M _N1)
QLP=Q(L+1 M N1)
ELP=E(L+1 M N1)

IF (L.€EQ.t) GO TO 290

IF (M_NE_MOFS) 30 TO 280

IF (L.NE.LDFSS-1) GO T0 270
ULP=0.5+(ULP+UL(L+1,N1))
VLP=0.5¢(VLP+VL{L+1.N1))
PLP=0O.S*(PLP+PLIL+1 ,N1))
ROLP=0.5+(ROLP+ROL(L+%,N1))
IF (1IM.LE.1) GO TO 280
OLP=0.5+(QLP+QL(L+1 N1))
ELP=0.5(ELP+EL(L+1 ,NI1))

GO TO 280

IF (L.NE.LDFSF+1) GO TO" 280
ULM=0.5* (ULM+UL(L -1 ,N1))
VLM=0_5¢(VLM+VL(L-1,N1))



3386
3387
a3se
33e9
3390
3
3392
3393
3394
3395
32396
3397
3398
3399
3400
3401
3402
3403
3401
3405
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416
3417
1418
3419
3420
3421
3422
3423
3424
3425
342s
3427
3428
3429
3430
3431
3432
3433
3434
3435
3436
3437
3438
3439
3440
3441
3442
3443
3444
3445
3446
3447
3448
3449
3450
3451
3452
3453
3454
345¢
3456
3457
3458
3459

[sNaNal

280

290

300

310

320

330

340

PLM=20.5+(PLMsPL(L- ¢ .N1))
ROLM=0.5¢{ROLM+ROL(L-1 ,N1))

IF {1TM.LE. 1) GO TO 280
QLM=20.5+(QLM+QL(L -1 ,N1))
ELM=0.S¢(ELM+EL(L-1,M1))
UX1=(U(L .M _N1)-ULM)*DXR

Vai=(VIL,M N1)-VLM)<DXR
TLM=PLM/(ROLM*RG) -

TXt=(T-TLM)DXR

ROX1=(RO(L,M ,Nt)-ROLM)*DXR

IF (ITM.GE.2) ROONX-(RO(L M, N1)*0(L M M1}-ROLM-QLM)*DXR
If (L.EQ.LMAX) GO TO 340
UX2=(ULP-ULL ,M,N1))*DXR

VX2:(VLP-V(L ,M,N1))+D>R

TLP:PLP/(R. LF*RG)

TX2:(TLP-T)DXR

R0O»2z (ROLP-RO(L .M .N1))+DXR

IF (ITM.GE.2) RGQX=(RULP*ULP-RO(L,M,N1)+Q(L M. N1))*DXR
1f (L.EN.1) GO !9 340

IF (CAV.EQ.0.Q) GO i0 300

17 (1SS.0Q.0) GO 10 300
ALP=SQRT{(GRG*TLP)

ALM=SORT(GRG*TILM)

AX1=(A-ALM)*DXR

AX2=(ALP-A)+DXR

IF {ITM.LE.1) GO TC 320
ROQX=(ROLP*QLP-KOLM*QLM)*DXR*0.5
QX1=(Q(L.M . N1)-QLM)*DXR
QX2=(QLP-Q(L ,M ,N1))+DXR
02X20.5*(SQRT(QLP)-SQRT(QLM) ) +DXR

IF (ITM.EQ.3) GO TO 310
ROSN=RO(L . M ,N1)=SQRTIQ(L M N1))
ROSQ1=RO(L-1,M N1t)*SQRT(Q(L-1,M ,N1))
ROSQ2=RO(L+1,M N1)*SQRT(Q(L+1 ,M N1))
GC 10 320

EX1=(E(L.M,N1)-ELM)*DXR
EX2=(ELP-E(L.M ,N1)}+DXR
MUT=CQMUsRO{L M N1)*Q(L.M_N1)+Q(L.M ,N1)*LC/E(L .M N1)
MUT 1=CQMU*RCOLM*QLM*QLM*LC/ELM
MUT2=CQMU*ROLP*QLP~QLP*LC/ELP

IF (M.NE.MDFS.OR.LDFS.EQ.0) GO TO 330
IF (1B8.EQ.3) GO TO 680

GO TO 490

IF (M_.EQ.1) GO TC 490

IF (M.EQ.MMAX) GO 10 680

BEGIN THE INTERIOR POINT Y DERIVATIVE CALCULATION

DYP=DY/BE
UNP=U(L M+ N1)
UMM=U(L ,M-1 ,N1)
VMP=V(L M+1 N1)
VMM=V{L M-1 ,N1)
OMP=P(L HM+1 NI)
PMM:=P(L M-{ N1)
RCMP=RO(L M+ 1 ,N1)
ROMM=R0(L . M-1,N1)
QMP=Q(L M+ 1 NT)
QNM=0Q(L M- 1 ,N1)
EMP=E(L ,M+1 N1)
EMM=E (L ,M-1 N1)

IF (L.EQ.LMAX.OR.L.EQ *) GO TO 350
ULFMP=Y(L+1 M+1 N1)
ULMMP=U(L- 1,4+ 1 N1)
ULPMM=U(L+1 . M-1,N1)
ULMMM=U(L-1 ,M-1 N1)
VLPMP=V(L+1 M+1 ,N1)
VLMMP=V(L-1 ,M+1 N1)
VLPMM=V(L+1,M-1 Nt)
VLMMMaV(L~1,M-1 ,N1)
PLPMP=P(L+1 M+ 1 Nt)
PLMMP=P(L-1 ,M*+ 1 N1)
PLPMM=P(L+1 ,M-1 Nt;
PLMMM=P(L-1,M-1,N1)
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3460
3461
3462
3462
3464
3465
3466
3467
3468
3469
3470
3471
3472
3473
3474
3475
3476
3477
3478
3479
3480
3481
3a82
3483
3484
3485
348¢€
3487
3488
3489
3490
3491
3492
3493
3494
3495
3496
3497
34S8
3499
3500
3501
3502
3503
3504
3505
3506
3507
3508
3509
3510
3511
3512
3513
3514
3515
3516
3517
3518
3519
3520
3521
3522
3523
3524
3525
3526
3527
3528
3529
3530
3531

noo

aonon

aon0on

350

360

370

380

ROLPMP=RO(L41 M+1 NT)
ROLMMP=RG(L-1,M+1 N1)
ROLPMN=RO(L+1 . M-1 Ni)
ROLMMM=RO(L-1,M-1 NT)
QLPMP=Q(L+1 M+t N1)
CLMsP=Q(L -1 ,Ms1 Ni)
QLPMM=Q(L+1 M-1 M1)
QLMMM=Q(L -1 .M-1 N1}
ELPMP=E(L+1 M+ 9 NIY)
ELMMP=E(L-1 M+ 1 NT1)
ELPMMsE(L+1 M-1 Ni)
ELMMM=E(L-1 M-t N1)

1F (1VC.EQ.0) GO TO 380
IF (NVC.EQ.1) GO TO 380
IF (M.EQ.MVCB) GC TO 360
IF (M _EQ.MVCT) GG TO 370
GO 10 380

LINEAR INTERPOLATION IN TIME FCR M=MVCB

UMM=U{L . M-1 NNTISRIND(U(L . M-1 NN3)-U{L . R-¢ ,HNI))

VMM=V(L . M-1 NN1)SRIND*(V(L .M-1 ,NN3)-V(L.M-1 NN1))

PMM=D (L ,M-1 NNT1)+RINDe(P(L.M-1 NN3)-F(L.M-1,KNN1))
ROMM=RO(L M- ¢ NNT)+RIND*(RO(L . M~1 NN3)-RO(L.M-1,NN1))
OMM=Q(L ,M~1 NN1)+RIND*(Q(L.M-1,NN3)-Q{L . M-1 ,NNt))

EMM=E (L . M-1 NNT)+RINDo(E(L M-1 NNI)-E(L . M-1,NN1))

IF (L.EQ.LMAX_OR.L.EQ.1) GO TO 3990

ULPMM-U(L+1 M-1 NNT)¢RINDe(U(L+1 M-t NN3)-U(L+1 M-1,KNN1))
UtMMMaU(L -1 M- 1 NNTI4RIND=(U(L-1 M- ¢ NN3)-U(L-. M- 1 NNTY)
VLPMM=V(L+1 M-1 NNI)IRINOe(VIL+ T, M-1 NRI)-V(L+1 . M-1,NN1))
VLMMMaVL-4 M-1 NN1)+RIND«{V(L-1 M-1 NN3)-v(L-1,M-1 NNt))
PLPMM=P(L+1 M-1 NN1)+RINDs(P(L+) M-1 NN3)-P(L+1 M-1,NN1))
PLMMM=P(L -1 M-1 _NN1)+RINDe(P(L-1,M-1 NN3)-P(L-1,M-1,NN1))
IF (ITM.EQ.O.AND.CAV.EQ.0.0) GO 1O 380

ROLPMM=RO(L+1,M-1 NN1)+RIND*(RO(L+1 M-1 NN3)-RO(L+1,M-1 NN1
ROLMMM=RO(L-1.M-1 NN1)+RIND*(RO(L-1,M-1 ,NN3)-RO(L-1,M-¢ NN1
IF (1TM.LE.1) GO TO 380

QLPMM=0Q(L+1 M- 1 NN1)+RIND*(Q(L+1,M-1 _KNN3)-C(L+1.M-1 NNt
QLMMM=Q(L=~1 ,M-1 NN1)4RIND«(Q(L-1,M-1 ,NN3)-Q(L-1 M-1,NN?
ELPMM=E(L+1 M-1 NN1)IRINDe(E(L+8 M-1 NNI)-E(L+1.M-1 NNt
ELMMM=E(L-1 ,M-4 NN1)+RINDe(E(L~-1 M-t NN3)-E(L-1.,M-1_NN?
62 7O 380

LINEAR INTERPOLATION IN TIME FOR M=MVCT

UMP=UU T (L)4RIND (UU2(L)-UUT(L))
VMP=VV1(L)+RIND*(VV2(L)-VV1I(L))

PMP=PP (L )+RIND«(PP2(L)-PP1(L))
ROMP=ROR0O1(L)+RIND+(RORO2{L)-RORO1(L))
QME=0NQ1(L)+RIND+*(QQ2(L)-RQ1(L))
EMP=EET(L)*RIND(EE2(L)-EE1(L)}

1f (L.EQ.LMAX.OR.L.EQ.t) GO TO 390
ULPMP=UUT(L+1)+RINDe(UU2(L+1)-UUI({L+1))
ULMMP=UUS(L-1)4RIND*(UU2(L-1)-UUI(L-1))
VLPMP=VVI(L+1)+RINDe(VV2(L+1)-VVI(L+1))
VILMMP=VVI(L-1)+RIND*(VV2(L-1)-VVI{L-1))
PLPMP3PPI(L+1)+RIND*(PP2(L+1)-PP1(L+1))
PLMMP PP 1(L-1)4RIND*(PP2(L-1)-PP1(L-1))
iF (ITM_EQ.O.AND.CAV. EQ.C.Q) GO TO 380
ROLPMP=RORC1(L+1)+RIND*(RGRO2(L+1)-RORCI(L+1))
ROLMMP=RORO1(L-1)+RIND*(RORC2(L-1)-RORDI(L-1))
IF (1TM.LE.1) GO TO 380
QLPMP=0Q1{L+1)+RIND*(QQ2(L~1)-QQt{L+1))
QLMMP=2QQ1(L-1)+RIND*(QQ2(L~1)-Q01(L-1))
ELPMP=EE 1(L+1)*RIND-(EE2(L+1)-EE1(L*1))
ELMAP=EE1(L-1)*RIND*(EE2(L-1)-EE1(L-1))

CALCULATE THE INTERIOR POINT Y DERIVATIVES
IF (L.EQ.LMAX.OR.L EQ.1) GO TO 330

UY 1=0.25* (UMP+ULMMP -UMM -ULMMM ) «DYR
UY230.25°(UMP+ULPMP -UMM-UF VM) «DYR



3532
3533
3534
3535
3536
3537
3538
3539
3520
3541
3542
3543
3544
3545
3545
3547
3548
3549
3520
3551
ass2
3853
3354
3555
3556
3557
2558
ass9
3560
3561
3562
3563
3564
3565
3556
3s67
3568
3589
3570
3571
3572
3573
3574
3575
3576
3577
3578
3579
3520
3581
3582
3583
3584
3585
3586
3587
3588
3589
3590
3591
3592
3533
3594
3598
3596
3597
3598
3599
3600
3601 €
3s¢?2 €
3603 C

330

4C0

410

420

430

440

VY 120.25¢ (VMPVLMMP - VMM - VL MMM ) ¢ DYR
VY2¢0.25¢(VMP+VLPMP -VMM-VLPMM) *DYR
UX320.25¢ (ULP+ULPMM-ULX-ULMMM ) sDXR
UX420.25¢ (ULP+ULPMP -ULM-ULMMP ) ¢ DXR
VX320.25¢ (VLP+VLPMM-VLM-VLEMM) s DXR
VX4=0. 25 (VLP+VLPMP -VLM- VLMRP ) ¢ DXR
VY3=(V(L M ,N1)-VMM)*DYR
VY4s(VMP-V(L . M N1))+DYR
UY3s(U(L,M,N1)-UMM) *DYR

UY4s (UMP-U(L M. N1))*DYR

ThM=PKMM/ (ROMM*RG )

TMP=PMP/ (ROMP *RG )

TY3=(T-TMM)*DYR

TY&4=»(TMP-T ) eDYR

ROY3=(RO(L ,M,Nt)-ROMM) ¢DYR
ROY4=(0OMP-RO(L,M,N1))*DYR

IF (1TM.LT.2) GO TO 400

ROQY = (ROMP *QMP -ROMM QMM ) ¢DYR+0. 5

IF (1Q0SD.EQ.0.OR.NVC.EQG.1) GO TO 400
1F (M.EQ.MVCB.OR.M.EQ.MVCT) GO TO 400
ROQY=QQT(L.M)

IF (L.EQ.LMAX.OR.L.EQ.1; GO TO 410
TLMMM=PLMMM/ ( ROLMMM*RG )

TLMMP = 2L MMP / (ROLMMP *RG )

TLPMM=PLPMM/ (ROLPMM<RG)
TLPMP=PLPMP/(ROLPMPRG)
TY120.25(TMP+TLMMP -TMM-TLMMM ) ¢DYR
TY220.25¢(TLPMP+TMP-TLPMM-TMM) «DYR
TX3%0.25*(TLP+TLPMM-TLM-TLMMM ) *DXR
TX420.25¢(TL'MP+TLP -TUMMP -TLM) «DXR

IF (ITM.EQ.O0.AND.CAV.EQ.0.0) GO TO 4S50
ROY 120.25¢ (ROMP+ROLMMP -ROMM-ROLMMM ) *DYR
ROY220.25+ (ROMP+ROLPMP -ROMM-ROLPMM ) ¢DYR
ROX320.25+ (ROLP+ROLPMM-ROLM-ROLMMM ) ¢DXR
ROX32C.25¢ (ROLP+ROLPHP -ROLM-ROLMMP ) s DXR
IF (CAV.EG.0.0) GO TO 430

IF (NDIM.EQ.O) GO TO 420
ATERM=V(L M N1)eRYP
ATERM3=0 .5+ (V(L M N1)+VMM)eRYP
ATERM4=0.5«(V(L M _N1)+VMP ) +RYP

IF (L.EQ.1.0R.L.EQ.LMAX) GO TO 420
ATERM1=0.5*(V{L M ,N1)+V(L-1 M N1))+RYP
ATERM2=0.S¢(V(L M, N1)+V(L+1,M N1))*RYP
IF (1SS.€£Q.0) GO TO 430
AMP=SQRT(GRG+TMP)

AMM=SORT(GRG*TMX)

AY3=(A-AMM)*DYR

Av4s(AMP-A)SDYR

I (ITM.LE.1) GO TO 450

IF (L.EQ.1.0R.L.EQ.LMAX) GO TO 459

QY 120.25+(QMP+QLMMP - QMM - Q' MMM ) «DYR
QY2=0.25+ (OMP+QLPM? -QMM-QLPMM) «DYR
QX3=0.25*(QLP+ULPMM-QLM-QLMMM) «DXR
0X4%0.25¢(QLP+QLPMP -QLK-QLMMP ) «DXR
QY3=(Q(L.M,N1)-0M4)*DYR
Ov4={(QMP-Q(L .M, N1))*DYR
Q2Y=0.5+(SQRT(OMP ) -SQRT{QMM) )} *DYR

IF (1TM_EQ.3) GO TC 440
ROSQ3I~ROMM«SORT (QuM)
ROSQ4=ROMP *SORT (GNP )

GO TO 4%0

€Y 150,25+ (EMP+ELMMP - EMM-ELMMM ) +DYR
EY2+0.25¢(EMPSELPMP -EMM-ELPMM) *DYR
EX3=0.25*(ELPELPMM-ELM-ELMMM) ¢DXR
EX420.25*(ELP+ELPMP-ELM-ELMMP ) ¢DXR
EY3=(E(L .M ,N1)-EMM)*DYR
EY4=(EMP-E(L.M,N1))+DYR
MUT3=COMU* ROMM QML e QMM L C /MM
MUT&=COMU*ROMP *QMP s QMP~LC/EMP

SET THE BGUNDARY CONDITIONS FOR L=1 DR LMAX
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36C4
3605
3606
3607
3608
3609
3510
36114
3612
3613
3614
3615
36516
3617
3618
3519
3820
3621
3622
3523
3624
3625
3626
3627
3628
3629
3630
3631
3632
3633
3634
3635
3636
3637
3638
3639
3640
3641
3642
3643
3644
3645
3646
3647
3548
3543
3650
3651
3652
3653
3554
3655
3656
3657
3658
3659
3660
3661
3662
3663
3664
3665
3666
3657
3668
2669
3€70
3671
3672
367
3674
3675 C

450

460

470

480

IF (L.NE.LMAX_AND.L.NE. 1) GO TO 850
IF (L.EQ.1) GO TO 460

Ux2=-uUx1

VX2=-VX1

TX2=-TX 1

ROX2=~ROX 1

ROLP=ROLM

TLP=TIM

QLP=QLM

ELP=ELM

GO 10 470

UX1=-UXx2

VX{1z-VX2

TXt=-TX2

ROX1=-ROX2

ROLM=ROLP

TLR:=TLP

QLM=QLP

ELM=ELP

YPI=YP
YP2=YP
Ur1=0.
Uv2:0.
VY 12D,
vVY2=0.
UXx3=C.
Ux4=0,
VX3:0.
VX4=0.
TY1=20.0

1Y2=0.0

TX3=C.0

TX4:20.C

ROY120.0

ROY2-0.0

ROX3=0.0

R0OX4+0.0

ATERMI-ATERM

ATERM2=ATERM

AX1=0.0

AX2=0.0 .

IF (ITM_LE.1) GO 10O 850

Qx1=0.0

Qx2=0.0

Qv1=0.0

9Y2=0.0

Qx3=0.0

Qx3=0.0

Q¥3-0.0

Qv4=2.0

EX120.0

£X2:0.0

EY1=0.0

EY2:0.0

EX3=0.0

EXa=0.0

EY3=0.0

EY4:0.0

IF (ITM.EG.3) GO TO 480

ROSQ=RO(L, 4A.N1)+SQRT(Q(L .M N1))

ROSQ1=R0OSQ

RJS0Q2=ROSQ

ROSQ3I*ROMMSQRT(QMM)

ROSQ42ROMP*SCRT(2MP)

GO 70O 850
NUT-CONUoRD(L.".Nt)'O(L.N.Nt)'O(L.I.Ni)vLc/E(L.n.Nl)
MUT 1=3UT

MUT2=1UT -

AUTI=COMU*ROMM + QMM s JMM ¢ L. C/ EMM
MUT4=COMUROMP +QMP ¢ QMP « L C/EMP

GO TO 850

00000000



3676 C BEGIN THE CENTERBODY OR UPPER DUAL FLOW SPACE BOUNDARY POINT

3677 C Y DERIVATIVE CALCULATION

3678 C

3679 490 DYP=DY/BE4

3680 UMP=U(L M+ 1 N1}

3681 VMP=V(L . M+1,N1)

3582 PMP=P(L M*1 N1)

3683 ROMP=RO(L .M+ 1 N1t)

3684 OMP=Q(L M+ 1 Nt)

3685 EMP=E(L . .M+1 N1)

3686 UX420.25¢(U{t +1 M NT)+U(L+1 Me1 NT1)-U(L-1 M N1)-U(L-1.,M+1,Nt))eDXR
3687 VX420.25¢(V(L+1, M N1)+V(L*1 M+ NE)-V(L-1 M NI)-V(L-3 ,M*1 N1))*DXR
3688 UY4s=(UMP-U(L,M N1))+DYR ’

3689 VY4=(VMP-V(L M N1))*DYR

3690 TMP=PMP/(ROMP sRG)

3691 TLMMP=P(L-1,M+1 N1}/ (RO(L-1,M*1,N1)*RG)

3692 TLPMP=P(L+1 M+ 1 N1)/(RO(L+1 M+ 1 _N1)*RG)

3693 TX420.25+(TLPMP+TLP-TLMMP-TLM) «DXR

3694 TY4=(TMP-T )*DYR

3695 IF (ITM.EQ.O0.AND.CAV.EQ.0.0) GO TO 500

3696 ROX4x0.25¢(RO(L+1 M NI)+RO(L+S M+1 N1)-RO(L-1,% Mt)-RO(L-1,M+1 1i1)
3697 1 J*DXR

3698 ROY4=(ROMP-RO{(L ,M N1))*DYR

3699 IF (ITM.LE. 1) GO TO S0Q

3700 0X4=0.25¢(G{L+1 M. N1)+O(L+1 M*+1 N1)-O(L-1 M N1)-Q(L-1 ,M+1 N1))eDXR
3701 QY4=(QMP-Q(L .M. N1))*DYR

3702 IF (1TM_EQ.2) GO TO SO0

3703 EX4=0.25¢(E(L+ 1 M, N1)+E(L+d M+t NI)-E(L-1,M ,N1)-E(L-1,M+1 ,N1))*DXR
3704 EY4=(EMP-E(L .M ,N1))+DYR

3705 €

3706 C REFLECT THE CENTEREODY OR UPPER DUAL FLOW SPACE BOUNDARY

3707 C CCNDITIONS

3708 C

3709 500 IF (M_EQ.1.AND.NGCB.EQ.0) GO 10 590

3710 IF (1VBC.NE.O) GO TO 00

3711 IF (M. ECQ.MOFS) GO TO 310

3712 DNXNY =NXNYTB(L)

3713 DNXNYP=NXNYZB(L+ )

3714 DNXNYM=NXNYCB(L- )

3715 G2 TO 520

3716 510 DNXNY =NXNYU(L)

3717 DNXNYP =NYNYU{L+ 1)

3718 DONXNYM=MINYU(L-1)

3719 520 THEW=ATAN({ -DNXNY)

2120 if (UMP_£0Q.D.0) GO T0 530

3721 THE=ATAN(VMP, UMP) ° .

3722 GO TO 5S40

3723 530 THE=0.0
3724 $40 IF (UMP.LT.0.0) THE=THE+3.141S3

5725 VMAG=SQRT(UMP +UMP+VMP ¢ VMP )

3726 R1.{E=2.0+THEW-THE

3727 IF (NOSLIP.EQ.1.AND NGCE.NE.O) RTHE=3. 141594 THE
3728 IF (NOSLIP.EQ.1.AND.M_EC ¥OFS) PTHE=3. 14159+ THE
3729 UMM =VMAG*COS(RTHE)

3730 VMM =VMAG*SIN(RTHE)

3731 THEW=ATAN( -ONXNYP)

3732 IF (U(L+1 M+1 N1).EQ.0.0) GO TC S50

3733 THE=ATAN(VIL+1 M+t N1)/U(L+T M+ NTY)

3734 GO TO 560

3718 550 THE=0.0
3736 560 IF (U(L+1 ,M+1 N1).LT.0.0) THE>THE+3, 14159

3737 VMAG=3OPT(UIL+ 3 . MeE NT)U(L+ T Me 1 NTIISV(LH1 Met NT1)oV(L+1 Ms1 NT))
3738 RYHE=2.O¢THEW-THE

3739 iF (NOSLIP.EQ.1.AND.NGCB.NE.O) RTHE=3. 14 IS9+THE

3740 IF (NOSLIP.EQ.1.AND.M_EQ.MOFS) RTHE=3. 14 159+ THE

3741 ULPMM=VMAG+COS(RTHE)

3742 VLPMM=VMAG*SIN(RTINE)

3743 THEW=ATAN( -DNXNYM)

3744 IT (U(L-1.,M>1,N1)}.EQ.0.0) GO TO S70

3745 THE=ATAN(V(L=-1 M+t Nt)/U(L-1,M+1 NI))

3746 GO TO 580

3747 €70 THE=O0.0O
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3748
3749
3750
3751
3752
3753
3754
3755
37=A
3 a7
2758
3759
3760
3761
3762
3763
3764
3765
3766
3767
3768
3769
3710
3771
3772
3773
3774
377%
3776
371717
3778
3779
3780
3781
3782
2783
3784
3785
3786
3787
3788
3719
3730
3791
3792
3793
3794
3795
3796
3797
3798
3799
3800
3801
38C2
3803
3804
380S
38C:
3807
3808
3803
3810
3811
3812
3813
3814
3815
3816
3817
3818
3819

ono

[sNe NS N2l

580

530

600

IF (U(L-9 . M*1 N1).LT.O.0) THE=THE+3. 14159
VMAG2SORT(U(L-1.M+1 N1)eU(L-1, M+ 1 N1)SVIL-1 Me N1)oV(L-1 Me1 N1D)
RTHE=2.0*THEW-THE

IF (NOSLIP.EQ.1.AND.NGCB.NE.O) RTHE=3. 14153+THE

IF (NOSLIP.EQ.1.AND.M EQ.MDFS) RTHE=3. 14153+ THE
ULMMMsVMAG*COS(RTHE)

VLMMM=YMAG*SIN(RTHE)

RFL=2.0¢DNXNY*DYP/( 1 .O+DNXNY *DNXNY)
RFLPw2.0¢DNXNYP«DYP/( 1 O+DNXNYP <DNXNYP)
RFLM=2 O*DNXNYM+DYP/( 1. O+DNXNYMeDNXNYM)
TTERM=0 .5 (OM1+TX140M2TX2)
TMM=TMP4+TTERMeRFL

TLPMM: TLPMP+ TTERM*RFLP

TLMMMzTLMMP +TTERMRFLM

1F (ITM.EQ.0.AND.CAV.EQ.0.0) GO 10 61C
ROTERM=0.5¢(CM1+ROX 140M2+R0OX2)
ROMM=ROMP+ROTERM RFL
ROLPMM=RO(L+1 M+ 1 Nt)+*ROTERMRFLP
ROLMMM=RI(L-1, M+ 4 N1)+ROTERMsRFLM

1F (ITM.LE.1) GO TU 610
QTERM=0.5+(0M1*CX1+40M2+Q72)
OMM=CMP+QTERM*RFL
QLPMM=Q(L+1 M+1 NI1)IQTERMRFLP
OLMMM=Q{L-1,M*t N1)+QTERM'RFLM

If (ITM.€Q.Z2) 50 TO 610
ETERM=0.5+(OM1-EX1+0M2EX2)
EMM=EMP+ETERM*RFL

ELPMM=E (L+1 ,M*1 N1)+*ETERMeRFLP
ELMMMsE(L -1 ,M*1 NI)+ETERM-RF' M

GO T0 610

REFLECT THE CENTERLINE OR MIDPLANE BOUNDARY CCNOITIONS

UMM zUMP
VMM= - VMP
ULPMM=zU( L+ 1 M+1 N1)
VLPMM=-V{L4+1 Met N1)
ULMMM=U(L-1, M+ 1 N1Y)
VLMMMz - J(L-1 M+t N1)
TMM=zTMP

TLPMM=TLPMP

TLMMM= TLMMP

1F (1TM.EQ.O.AND.CAV.EQ.0.0) GO TO 610
ROMM=ROMP
ROLPMM=RO(L+1 M+t N1)
ROLMMM=RO(L-1,M+1 N1)
IF (ITM.LE.1) GO TO 510
QMM =OMP
QLPMM=Q(L+1 M+ 1 N1}
QLMMM=Q(L-1 M+1 N1)

IfF (I1TM . EQ.2) GO 7O 610
EMM=EMP
ELPMM=E{L+1 M+1 N1}
ELMMM=E(L -1 M+t _Nt)

GO T0 610

EXTRAPOLATE THE CENTERBODY OR UPPER DUAL FLOW SPACE BCUNDARY
CONOLTIONS

UMMzU(L M N1)+F2T¢(U(L M N1)-UMP)

VMMV (L M N1)+F21e(V(L M N1)-VMP)

ULPMM=U(L+1 M N1)+FZie(ULL+1 M N1)-ULL+1 M+1 NT))
VLPMM=V(L+ 1 M N1)+F2ZTe(V(L+1 M N1)-V(L+1 M+1 N1))
ULMMM=U(L -1 M NTI+F21«(U(L-1, M N1)-U(L -1, M+ 4 N1))
VLMMM=V(L=-1, M, N1)}+F21+(VIL-1 M, N1)-V(L-1 ,M+1 N1})
THMM=T+F21«{T-TMP}

TLPMMaTLP+F21+(TLP-TLPMF)

TLMMM=TUM+F2I+ (TLM-TLMMP)

1F (ITM.EQ.O.AND.CAV.EQ.0.0) GO 10O 610

ROFM=RO(L M N1)+F21+(RO(L .M N1)-ROMP)
ROLPMM*RO(L+1,M N1)+F21«(RO(L+1 M N1;-R0O(L+1 ,M>1 .N1))




3ee67
3868

3870
3871
3872
3873
JR74
3875
3876
3877
3878
3879
3880
3281
3882
3983
3884
38895
3386
3887
2888
38893
3390
38t
3892
3893

6

6

N

20

30

1

1

ROLMMM=RO(L-1 M N1)+F21¢(RO(L-1, M, N1)-RO(L-1 ,M+1 _N1j)
IF (ITM.LE. 1) GO TJ 610

OMM=Q(L,M MN1)+F21=(Q(L .M. N1)-QMP)

QLPVMM=Q(L+1 M N1)+F2TIo(QIL+1 M NTI)-Q{L+1 M+1 _N1Y)
QLMUM=Q(L -1 M N1)+F21+(Q(L-1, M ,NY)-Q(L-1 ,M+¢ N1))

IF (ITM_EQ.2) GO TO 610

EMM=E(L M N1)+F2I+{E(L M, N1)-EMP)

ELPMM=E(L*1 M NI)+F2Ie(E(L+1 M N1)-E(L+1 M+1 N1))
ELMMM=E(L -1 M N1)+F2I(E(L-1, M NT1)-E(L-1, M+ N1)}

CALCULATE THE CENTERBOOY OR UPPER DUAL FLOW SPACE BOUNDARY
DERIVATIVES

IF (M_NE.MDFS) GO TC 630

IF (L.NF.LDFSF) GO 70 620

ULPMM=U(L+1,M-1 _N1)

VLPMM=V(L+1 M- N*)
TLPMM:=P(L+1 M-t N1)/(RO{L+1 M-1_Nt)*RG)
ROLPMM=RO(L+1 M- NIt}

IF (1TM_LE.1) GO 10 630

QLPMM=)(L+1 M-1 N1}

ELPMM=E(L+1_M-1 ,N3¢)

GO T0 630

IF (L.NE.LDFSS) GO TO 63C

ULMMM=U(L -1 . M-1 N1)

VLMMM=V(L-1 M-1 N1)

TLMMMzP (L -9 M-1 N1}/(ROIL-1,M-1 N1)+RG)
ROLMMM=RO(L -1 ,M-1 N1}

IF {1TM_LE. 1) GO TO 630

QLMMM:=Q(L-1 M-§ Ni)

ELMMM=E( | -1 M-1 ,Nt)
UY120.25¢(UMPU(L -1 M+t NT)-UMM-ULMMM) «DYR
VY1=0.25«(VMPIVIL -1 Ms 1 N1)-VMM-VLMMM)«DYR
UY2:0.25°(UMPs(L+¢ M+t NI )-UMM-ULPMM)+DYR
VY2:=0.25+{VMPIV(L+1 Mé1 N1)-VMM-VLPMM)-DYR
UY3=(U(L.M N1)-UMMisDYR

VY3=(V{L .M _N1)-VYMM}.DYOD

UX3=0 25+(U(L*1 M NT1)SULPMM-U{L-1 M _N1)-ULMNM)DYR
VX3=0.25¢(V(L* 1 M N1)SVLPMM-V{L=-1 M N1)-VLMMS) DR
TY1=0 25« TMP+TLMMP-TMM-TL MMM ) +DYR
TYZ20.252{TMP TLFMP-TMM-TLPMM)«DYR

TX3:0. 25 (TLPSTLPMM-TLM-TLMMM)«DYR
TY3=(T-TMM)*DYR

TMM=TaM

IF (1TM_EQ.C.ANC CAV EN.O0.C) GJ TO 850

ROY1=0 25« (ROMP+RO{L -1 M+1 _N1)-ROMM-GO{MMM)}+DYR
ROY2=D.25+(ROM4RO(L+1 M+ 1 N1)-ROMM-ROLPMM)+DvYR
ROY3=(RO(L,M . N1)-ROMM)<CrR

R0X3=0 25+ (RO(L+1 M N1)+ROLPMM-RO(L -1 M _N1)-RILMMM) DR
IF (CAV.EQ.0.0) GO TO 660

IF {NDIM . EQ.Q0) GO 710 650

IF (M. EQ.1.AND.YCB(L).£EQ.0.0) GO TC 640
ATERM=V(L M N1)eRYP
ATERM1=0.5¢(V(L . MN1)+V(L-1 M. N1))sRYP
ATERMZI=0.S*(Vv(L M N1)+VILs ! M N1})eRYP
ATERMI=O.Se( V(L. M Nt)+/MM)eRYP
ATERMI=0.5+( /(L M N1)+VMP)eRYP

IF (M _EQ.MCFS) GT 10 6%0

IF (YCB(L-1).EQ.0.0) ATERM1=0.5{BEA*V(L-1 Mé1 N1)eDYReV(L M %N1)

/YCB(L))
IF {(vCB(L+1).EQ.O.C) ATERMD=0.S+(BEGsVIL+ 1 Msr Nt)eDYReV(L,.M %!
/ycain))

IF (yCB(L-1).EQ.0.0.0R.YCB(L+1).EQ.0.0Q ATEQY:=0.5+(ATERMI+ATEIMD)
GO 10 650

ATERM=BE*VMP+D/R
ATERMI=BEA+Q.S+{VMP4V{L-1 M+ N1))eDYR

ATERMO=BE4 O S{VMPsv(L+1 M+ N1))DYR

ATERMI-BE4*VVD YR

ATERM3I=ATERML

IF (YCR(L-1) NE.O.O) ATERM1=0.3¢(VIL-1 M Nt) 'YCEB(L-1)+3E4evMD.0OYT)
IF (¥CBIL+4) NE.O.C) ATERM2=0.5¢(VIL*1 M NI YCBIL+1)+BE4eVMPeNYR)
[P (yC8(L-1).N¢ . QO.C.CR.7CB(L+1) . NE.O.O) ATERM=0.5¢(ATERMI+ATESVD)
IF (13S.EQ.Q) GG TC &&{Q

AMP=3ORT(GRGeTMP)
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3844
3395
3396
3897
3898
3899
3300
3201
3302
3903
3904
390S
3906
3307
3908
3909
3910
3911
3312
3913
3314
3915
3916
3217
3918
3919
3220
3921
3922
3223
3924
3925
3926
3927
3328
3929
3930
3931
3932
3933
3934
3935
3936
3337
3938
3939
3540
3341
3342
3243
3944
3245
3945
3547
5348
3949
3950
33951
3952
3953
3954
3955
3356
3957
3958
3959
3960
3961
3362
3983
3954
3965
3965

(2 N2NsKe)

(s NeNe]

660

680

690

700

710

720
- 30

AMM=SQRT(GRG*TMM)

AY3={A-AMNM) +DYR

AY43(AMP-A)*DYR

IF (I1TM.LE.+) GO TO 850

ROQY =0.54 (ROMP *OMP - R(UMM+QMM ) sDYR

QY 1=0.25°(QMP+Q(L-1,M+1 N1)-QMM-QLMMM) +DYR
QY2x0.25°(QMP+0(1L+1 Mo 1 N1T)-QMM-QLPMM) *DYR
QY3=(Q(L .M Nt)-OMM)DYR
0X3=0.25+(Q(1L+ 1, M N1)+QLPMM-Q(L -1 M, N1)-QLMMM) «DXR
02Y=0.5°(SQRT(ABS(QOMP ) ) -SURT(ABSI(QMM) })+DYR
IF (ITM.EQ.3) GU T0 670
ROSQ3=ROMM*SQRT{ABS{QMM))

ROSQ4=RCMP +SQRT(ABS(QMP ) )}

GO 70 AsOo

EY120.25¢(EMP+E(L-1,M+1 N1)-EMM ELMMM)+DYR
EY2=0 25« (EMPIE(L+1 M+ 1 N1T)-EMM-ELPMM)+DYR
EY3=(E(L,M,N1)-EMM)*DYR
Ex3=0.25‘(E(L01.M,N1)OELPMM-E(L-1.M.N|)-ELMMM)'DXR
MUT3=CQMU*ROMM*QMM+sOMM«LC/ABS (EMM)
MUT4=CQMUsROMP «QMP s QMP ¢ LC/ABS (EMP )

IF (M.EQ.1.AND.NGCB.EQ.0) MUT=0.5¢(MUTI+MUT4)
GO TO 850

BEGIN THE WALL CR LOWER DUAL fLOW SPACE BOUNDARY POINT
Y DERIVATIVE CALCULATION

DYP=DY/BE3
UMM=U(L ,v%-1,Nt)

VMM=V(L M- N1)

PMM=P(L M- 1 N1)

ROMM=RO(L M-1,N1)

OMM=Q(L ,M-1,N1)

EMM=E(L M-1_M1)

UX3=0.25¢(U(L+1 M N1)+U(L+ 1 M-1 N1)-U(L-1,M N1)-UlL-1,M-1,N1))eDXR
VX320.25¢(V(L+1 M NT)+V(L+1,M-1,N1)-V(L-1 M ,N1)-V(L-1,M-1.N1))eDXR
UY3={U(L,M,N1)-UMM)}*DYR

VY3=(Y(L ,M ,N1)-VMM)*DYR

TLPMM=P(L+1 M-t Nt)/(RO(L+1,M-1_N1)+RG)

TMM=PMM/ (ROMM*RG)

TLMMM=P(L-1 ,M-1 N1)/(RO(L-1,M-1,N1)+RG)
TX370.25«(TLP+TLPHUM-TLM-TLMMM) +DXR

TY3=(T-TMM)sDYR

IF (ITM.EQ.0.AND.CAV.EQ.0.0) GO TO 6390
ROX3=0.25*(RO(L+1,M N1)+RO(L+1 ,M- 1 ,N1)-RO(L-1,M ,N1)-RO(L-1,M-1.N1)
1 ;*DXR

ROY3=(RO(L,M,N1)-ROMM) «DYR

IF (ITM.LE.1) GO TO 690

QX3=0.25+(Q{L+1 M N1)4Q(L+1 ,M-1 N1)-Q(L-1,M,N1)-C(L-1.M-1,N1)}DXR
0Y3=(0(L,M ,N1)-QMM)*DYR

IF (ITM.EQ.2) GO 10 630

EX3=0.25«(E(L+ 1, M N1)+E(L+1 ,M-1 Nt)-E(L-1, M N1)-E(L-1,M-1,N1})+DxR
EY3=(E(L,M,N1)-EMM)sDYR

REFLCCT THE WALL OR LOWER DUAL FLOW SPACE BOUNDARY CONDITIONS

IF (IVBC.NE.O) GO TO 780
IF (IWALL.EQ.1.AND.M.EQ.MMAX) GO TO 780
IF (M.EQ.MDFS) GO 10 700

DNXNY =NXNY (L)

DNXNYP=NXNY(L+1)
DNANYM=NXNY{L-1)

GO TO 710

ONXNY=NXNYL (L)

DNXNYP=NXMYL(L+1)
DNXNYM=NXNYL(L-1];

THEW=ATAN( -DNXNY)

I¥ (UMM.EQ.0.0) GO TO 720
THE=ATAN(VMM/UMM)

GO TO 730

THE=0.0

IF (UMM LT .0.0) THE=THE+3.14159
VMAG=SQRT{ UMM+ UMM+ VMM + VMM )
RTHE=2.0*THEW-THE



000

740
75C

760
770

IF (NOSLIP.EQ.1) RTHE=3, 14159+ THE
UMP=VMAG*COS(RTHE )

VMP=VMAG*SIN(RTHE)

THEW=ATAN( -DNXNYP)

IF (U{L+1 ,M-1,N1}.EQ.0.0) GO TO 740
THE=ATAN(VIL+1 M- 1 N1)/U(L+1.M-1,N1))

GO TO 750

THE=0.0

IF (U(L+1.M-1 N1).LT.0.0) THE=THE+3. 14159
vuAcssonT(u(L61,M~!.Nl)»U(L#i.u-i.N1)0v(L0l.M-1.Nl)-v(Loi.M-1.N1))
RTHE =2, O*THEW- THE

IF (NOSLIP.€Q.1) RTHE=3. 14159+ THE

ULPMP = VMAGeCUS(RTHE)

VLPMP=VMAG.SIN(RTHE )

THEW=ATAN{ -DNXNYM)

IF (U(L-1.M-1.N1).EQ.0.0) GO TO 760
THETATAN(V(L-i.M-!,NIJ/U(L-I.M‘I.Ni))

GO TO 770

THE=0.0

IF (UIL-1.M-1 ,N1).LT.0.9) THE=THE+3. 14159
VMAorsonrlu(L-:.M-l.Ni)-U(L-l.m-1.~|)oV(L-1.u-1_N|)-vlL-1.M-1,N1))
RTHE=2 . 0+THEW-THE

IF (NOSLIF EN.1) RTHE=3. 14159+ THE

ULMMP = VMAG+*COS(RTHE )

VLMMP = VMAGeSIN(RTHE )

RFL=2.O*ONXNY *DYP/( 1.0+DNXNY *DNXNY )
RFLP=2.0°DHXNVP'DYP/(1.0‘DNXNYP'DNXNYP)
RFLM=2.0°0NXNVM'DVP/(1.0*DNXNVM-DNXNYM)
TTERM=0.5({0OM1+TX140M2+TX2)
TMP=TMM-TTERMeRF L
TLPMP=TLPMM-TTERMeRFLP

TLMMP = TLMMM-TTERM+RFLM

IF (ITM.EQ.0.AND.CAV.EQ.0.0) GO TO 790
ROYERMfO.S'(OM\'ROX100M2'ROX2)

ROMP =ROMM-ROTERMRF I_
ROLPMP=RO(L+1 M- 1 . N1)-ROTERM*RTLP
ROLMMP =RO(L-1,M-1,N1)-ROTERM*RFLM

IF (1TM LE. 1) GO 10 790
QTERM=0.5+(CM1-QX140M2+QX2)

QMP = QMM - QTERMRF L
QULPMP=Q(L+4 M- 1 N1)-QTERM+RFLP
QLMMP=((L-1,M-1 N1)-QTERM*RILM

IF (ITM.E£0.2) GO TO 790
ETERM=0.5+(OM1+EX 1+0M2+EX2)
EMP=EMM-ETERMYRFL
ELPMP=E(L+1 M-1 N1)-ETERM*RFLP
ELMMP=E(L-1,M-1 N1)-ETERM+RFLM

GO 1O 790

EXTRAPOLATE THE WALL OR LOWER DUAL FLOW SPACE BOUNDARY CONDITIONS

UMP=U(L .M. N1)+F21e(U(L, M N1)-UMM)

VMP=VIL .M. N1)4F2L e (V(L M ,N1)-VMM)
ULDMP=U(L°1,M_N1)0F2l'(U(L0I.M.N!)-U(L'i.M-l.Nl))
VLPMP=VIL01,M,N))'F2I'(V(L01.M.N1)-VlLOi.M-l,N1))
ULMMP:U(L»',M_N1)0F21'(U(L-1.M.NI)-U(L-1.M~1.N1))
VIMMP=V(L'!_M,N!)0F2l-!V1L-1.”.N')-V(L-1.M~1.N1))
TMP=T+F 2 +(T-TMM)

TLPMP=TLR+F21«(TLP-TLPMM)

1LMMP=ILMOF2X‘(fLM-fLNVN)

IF (1TM.EVQ.0.AND.CAV.EQ.0.C) GO TO 790

ROMP=RO(L M, N1)+F21+(RO(L .M ,N1)-RO¥M)
ROLPMP=RO(L*!,M,N!)*F2['(R0(L‘|.M.NI)<RO(L’1.M-1,N1))
ROLMNerO(L-t.M.Nt)onx-(RO(L-|.M.Nl)-na(L-1.n-1.Nl))
IF (IT™M.LE. 1) GO 7O 790 .
QMP=Q(L.M,N12+F21+(Q(L.M ,N1)-OMM)
0LPMF=O(L’1.M.N1)‘le'(O(L*!.M‘Nf)'O(L‘l,M-i.Nl))
OLNM¢=0(L-I.H,Nt)0F21°!O(L-1.M.Ni)*Q(L-!.M~!.N1))

IF (1TM.EQ.2) GO TO 790

EMPIE(L, M . N1I+F2I#(E{L M N1)-EMM)
ILPMP=E(L~1.H.Nv)¢rzx°(E(L»'.n.Nfn-E(L»i,M-t.ui))
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4039
4G40 C
4041 C
4042 C
4043
4044
4045
4046
4047
4043
4049
4050
4051
4052
4053
4054
4055
405€
4057
4058
4059
4060
4061
4062
4063
4064
4065
4066
4067
4063
4069
4076
4071
4072
4073
4074
4075
4076
4077
4078
4079
4080
4081
4082
4083
4084
4085
4036
4087
4088
4089
4090

- 4091

4092
4093
4094
4095
4098
4097
40¢8
4099
<100
401
4102
4103
4104
4105
4106
4107
4108 C
4109 C
4110 C

790

800

810

820

gac

ELHMP-E(L'l.M.Ni)*F2I‘fE(L'1.H,Ni)-E(L-i.M'1.NI))

CALCULATE THE WALL AND LOWER DUAL FLOW SPACE BOUNDARY DERIVATIVES

1F (M.NE.MDFS) GO T0 810

IF (L.NE.LDFSF) GO 10 800

ULPHMP=U(L+ 1t M+ 1 N1)

VLPMP=v(L+ 1 , M+ NtT)

TLPHP =P (L+1 M+ 1 N1)/(RO(L+1,MH1,N1)eRG)
ROLPMP=RO(L+1,M+ 1 ,N1)

IF (1TM.LE.1) GO TO 610

QLPMP=Q(L+1 M+t N1T)

ELPMP=E(L+% M+t NI1)

GO 70 810

IF (L.NE.LDFSS) GO TO 810

ULMMPsU(L -1, M+ 1 N1)

VLMMPaY(L-1,M+ 1, N1)

TLHMP P (L -1 ,M+1 NT1)/(RO(L-1,M+1 ,N1)*RG)
ROLMMP=RO(L-1,M+ 1 Nt)

IF (ITM.LE. 1) GO TO 810

QLMMP=Q(L~1,M+1 N1t)

ELNMP=E(L-1 M+ Nt)

UY120.25¢ (UMP+ULMMP -UMM-U(L~-1.M-1,N1))sDYR

VY 130,25 (VMP+VLMMP -VMM-V(L -1 ,M-1,N1))*DYR
UY2:0.25+ (UMP+ULPMP-UMM-U(L+ 1 ,M- 1 ,N1))+DYR
VY2x0.25¢ (VMP+VLPMP -VMM-V(L+1 ,M-1,N1))+DYR
Uv4=(UMP-U(L M ,N1)}+sDYR

VY4={vMP-V(L,M,N1))*DYR

UX4:0,.25+(U(L+1,M N1)+ULPMP-U(L-1,M N1)-ULMMP)+DXR
VX420.25¢(V{L+1,M N1)+VLPMP-V(L=-1,M,N1)-VLMMP)+DXR
TY$30.25+(TMP+TLMMP -TMM-TLMMM ) +DYR
TY220.25¢(THP+TLPMP-TMM-TLPMM} o DYR
TX4:0.25+(TLP+TLPMP-TLM-TLMMP ) ¢DXR
TY4x(TMP-T)+DYR

TMP = THP

IF (1T EQ.O.AND.CAV.EQ.0.0) GO TO 850
ROY150.254(ROMP4ROLMMP -ROMM-RO(L-1,M-1,N1))eDYR
ROY2=0.25+(ROMP+ROLPMP -ROMM-RO(L+ 1 ,M-1_N1))*DYR

RCX420.25+(RO(L+1,M ,N1)+ROLPMP-RO(L-1,M,N1)-ROLMMP ) sDXR

ROY4=(ROMP-RO(L ,M,N1))*DYR

IF (CAV.EQ.0.0) GO TO 830

IF (NDIM.EQ.O) GO TO 820
ATERM=V{L ,M_ _N1)eRYP
ATERM1=0.5*(V{L , M, N1)+V(L-1,M N1))*RYP
ATERM2=G.5¢(V(L.M_N1)+V(L+1 M _N1))*RYP
ATERM3=O.5¢(V(L . M N1)+VMM)eRYP
ATERM4=0.5(V(L M N1)+YMP)+RYP

I {15S.EC.D) GO 71O 830

AMP=SORT(GRG+TMP)

AMM=SQRT ( GRG* TMM)

AY3z(A-AMM)*DYR

AY4=(AMP-A}+DYR

IF (ITM.LE.!) GO TO 850
ROGQY=0.5+ {ROMP +*QMP - ROMM +QMM ) ¢DYR
QY1:0.25+(QMP4OLMMP-QMM-Q(L-1,M-1,N1))+DYR
0Y2=0.25+(QMP+OLPMP-QMM-Q(L+1 . M-1 ,Nt))*DYR
QX420.252(C(L+1 M N1)+QLPMP-Q(L-1,M N1)-0OLMMP }+DXR
QY4=(QMP-Q(L.M _N1))*DYR
Q2Y=0.5+(SQRT(ABS{QMP))-SORT(ABS(QMM)) ) +DYR
IF (1TM.EQ.3) GO TO 840

ROSQ3=ROMM*SNRT (ABS{QMM))
ROSQ4=ROMPsSQRT(ABS(QMP))

GO T0 850
EY120.25¢(EMP+ELMMP-EMM-E(L=-1 M-1 ,N1))eDYR
EV2=0.25*(EMP+ELPMP-EMM-E(L+1 M-1 ,N1))*DYR
EX320.25¢(E(L+1 M N1)+ELPMP-E(L~1,M N1)-ELMMP)+DXR
EY4a=s(EMP-E(L.M_N1))*DYR
MUT3=COMU *ROMM s QMM 3MM L CABS (EMM)
MUT4=COMU*ROMP «QMP +OMP «LC/ARS{EMP)

COMBINE TERMS



4111
4112
41143
4114
4115
4116
4117
4118
4119
4120
41214
4122
4123
4124
4125
4126
4127
4128
4129
4130
4131
4132
4133
4134
4135
4136
4137
4138
4139
4140
414
4142
4143
4144
4145
414G
4147
4148
4149
4150
4151

4152
4153
4154
4155
4156
4157
4158
4159
4160
4161

4162
4163
4164
4165
4166
167
4168
4169
4170
4171

4172

4173
4174

4175

417¢€

4177

4178

4179

4180
4181

4132

o000

850

860

870

UXY1=0MtsUXt4ALeUY {
UXY2=0M2eUX24ALeyv2
UXY3J3=0MeUX3+AL 3 UY]
UXY4=0M+UX4+ALAUY4
UXV12'0.5'(0"1'Ux100M2'UX2¢AL3‘UY30AL4'UV4)
VXY 120M1eVX14ALoVY { :
VXY230M2oVX24AL evY2
VXY3=0MeYX3+AL3VY]
VXY4:0MevXa+AL4eyYy
vxv12-0.5-(0M1ovx1»0M2~vx2&AL30vv30AL40v74)
BUY1=8E+UY 1

BUY2:BE~UY2

BUY3=BEJZ.UY3

BUY4:BE4 Y4
BUY34:0.5+(BE3+UY3+BEA+UY4)

BVY 1:BEevY Y

BVY2:BEevY2

BVYJ:BE3JevY3

BVY4:BE4evY4
BVY34:0.5+(BE3+VY3+BE4-VY4)

TXY 1=0M1eTX 10ALeTY Y
TXY2=OM2eTX2¢ALeTY2
TXY3=0MeTX3J+AL3*TY]
TXYA=0OM+TX44AL4eTYa

BTY3-RE3eTY3

B1Y4:=BEa«Tv4

If (1TM.EQ.O0.AND.CAV.EQ.0.0) GO TO 940
ROXY1=0M1+ROX1+AL ¢ROY 1

ROXY2=0M2 *ROX2+AL*ROY2
ROXY3=OM+sROX3+AL3+*ROY3
ROXY4=0MeROX4+ALA*RTYV4
RUKV!Z*O.S'(OMI‘ROX1OOMQ‘R0X20AL3~ROV3OAL4'RDV4)
EROY1-BE+ROY 1

BROYV2=BE*ROY2

EROY3=8£3+ROY3

BROY4=BE4+ROV4
BROY34:0.5+(CFIROYI+EE4-ROT4)
IF (1SS.E0Q.0) GU TO 860

AXY 1=0M1+AX 140 .5+aL>(AY3+AY4)
AXY2=0M2vAX2+0.5%AL*(AY3+AY4)
AXY12=0.Se{AXY1+AXY2)
BAY3=8£3-AY3

BAY4:=BE4+Av4
BAY34:0.5+(BAY3+BAY4)

IF (L.€EQ.1.0R.L.EQ.LMAX) GO TO 870
IF (ITM_LE. 1) GO 0 870

QXY 1=0OM1+QX 1 +AL*QY 1
QX72=0M2+QX2+AL+QY2
QXY3=0MeQX3+AL3+QY3
QXY4=0MeQX4+AL4Qvrd

BQY3:BE3*QY3

BQY4=BE4+«DYQS
BQY34=0.5+(BE3«QY3+BE4+QY4)
Q2XY=0M+sQ2X+AL*Q2Y

BO2Y=BE«Q2Y

IF (1TM.€Q.2) GO 10 870
EXY120OM1«EX1+ALEY
EXY2=OMZ+EX2+ALEY2
EXY3*CMEXI+ALI*EY3
EXY4x0OMeEX4+4L 4 EYYg

BEY3sBE3+£Y3

BEY4=BEavEY4
BEY34:=0.5+(BE3*EY3+BEI+EY4)

CALCULATE THE ARTIFICAL VISCOSiTY COEFFICIENTS

IF (CAV.EQ.0.0) GO 10 940
IF (L.LT.LSS) GO TC 88O

IF (L.GT.LSF) GO TO 380

IF (M.LY.MSS) GO T0 880

If (M.GT.MSF) GO TO 880

1F (SMACH.EQ.0.0} GO TO 890

151



152

4183
4184
4185
4186
4187
4183

4189 .

4190
4191
4192
4193
4194
4195
4196
4197
4198
4195
4200
4201
4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214
4215
4216
4217
4218
4219
4220
4221
4222
4223
4224
4225
4226
£227
4228
4229
4230

4231,

4232
4233
4234
4235
4235
£237

42328

4239
4240
4241
4242
4243
4244
4245
4245
4247
4,48
4249
4250
4251
4252
4253
4254

anoon

880

8s0

900

910

920

930

940

950

IF (XM.LT.SMACHsSMACH) GO TO &80
GO YO 890

DIV1=0.0

01v2+0.0

DIV3=0.0

DIv4=0.0

GO T0 910

DIVI-UXY 14BVY 1+ATERM1
DIV22UXY243VYI2+ATERM2
DIV3-UXY3+BVY3+ATERM3
DIV4=UXY4+4BVY4+ATERM4

1F (IDIVC.NE O) GO T0 910

IF (L.EQ.1.0R.L.EQ.LMAX) GO TO 90C
1f (DIV1.GT.0.0) DIV1=0.0

1f (DIV2.GT7.0.0) DIV2:2.0

If (DIV3.GT.0.0) DIV3-0.0

If (DIV4.GT.0.0) DIV4=0.0

1IF (1SS.EQ.0) GO TO 930

IF (1SS.EQ.1) GO TO 920
DIVi=ABS(DIV1)+ABS(AXY14BAY34)
D1V2:AB85(DIV2)+ABS(AXY24BAY34)
DIV3=ABS(DIV3)+ABS(AXY124BAY3)
DIV4AsABS(DIVA)}+ABS(AXY124BAY4)

GO TC 930

1F (DIVI.NE . 0.0) DIViI=ABS(DIV1)+ABSIAXY 14BAY]34)
IF (DIV2.NE.O.0) DIV2=ABS{DIV2)+ABS(AXYZ+BAY24)
IF (DIV3.NE.O.0) DIV3=ABS(DIV3)+ABS(AXY12+4BAY3)
IF (DIVA.ME.O.O) DIV4=ABS(DIVA)+ABS(AXY12+4BAY4)
DRLA=XLA*CAV*Z . O*RO(L M N1)eDXPeTYD
RLA1=CRLA-ABS!DIV1)
RLA2:=DRLA+ABS(DIV2)
RLA3:=DRLA*2BS(DIV3) +SMT
RLA4=DRLA=ABS(UIVA)eSMT
RLA=0.25*(RLA1+RLA2+RLA+RLAS)
XMULA=XMU/XLA

RMU I =XMULACRLAY

RMU2=XMULAYRLA2

RMU3=XMULA+RLA3

RMU4=¥MULA *RLA4

PMJ=0.25¢ {RMU1+RMU2 +RMUI+RMU4 )

RK 1 =DRK ¢+ RMU 1

RK2=DRK sRML2

RK3=DRK+RMU3

RK < =DRK «RMU4

RK=0 .25+ (RK1+RKZ2+RKI+RKA)

RRO 1 =XR0*RMU 1

RRN2=XRO ¢+ RMU2

RRQ2=AR0O*RMU3

RRO4=XR0O*RMU4
RRO=0.25+(RRO1+RRO2+RRO3+RR0A)
RLP2ZM=RLA+2.0*RMU
RLP2M1=RLA1+2.0¢RMU

RLP2M2=RLA2 *2.0*RMU2
RLP2M3=RLA3+2.0*RMU3
RLP2M4=RLA4+2.0-RMU4

RLPM=RLA+RMU

CALCULATE THE MOLECULAR VISCOSITY COEFFICIENTS

IF (CHECK.F0Q.0.0) GO YO 1190
TCHECK=ToTLP»TLMe JPAF o TMY

IF (TCHECK.GT.0.0) GO 10 850
NO=N+NSTART

WRITE 16,1510) NP, L M NVC
1ERR=1

RETURN

IF (ECHECK.EQ.Q.0) GO TO 960
1F (ECHECK.LT.0.0) GO T0 970
MU=sCMUeT e oEMY

LA=CLA+T*#ELA

K=CKeT**EK
MUT=(CMUSTLMeeEM4MU) Q.5



4255
4256
4257
4258
4259
4260
4261
4262
4263
42¢€4
4265
4266
4267
4268
14269
4270
4271
4272
4273
4274
4275
4276
4277
4278
4279
4280
4281
4282
4283
4284
4285
4286
4287
4288
4289
4290
4291
4292
4293
4294
4295
4296
4297
4298
4299
4300
4301
4302
4303
4304
4305
4306
4307
4308
4309
4210
4311
4312
4313
4314
4315
4316
4317
4318
4319
4320
4321
4322
4323
434
4325
4326
4327

[aNoNg]

970

980

MU22(CMUSTLP e sEMUIMU ) 00, &
MUJz (CMU*TMMe eEMU+MU ) »0. 5
MUds(CMUCTMF s e EMUSMU ) 0.5
LAt=(CLA*TLM-sFLA+LA)*D. 5§
LA2=(CLATLP +*ELA+LA)+0.5
LA3={CLA*TMM:«FLA+L A}¢D.5
LA4=(CLACTMPs«ELASLA)+O. S
K1z(CKsTLMe+EKeK ) 0.5
K2={CKeTLP*+FK4K)+0. 5
K3=(CKsTMM+*Ev4K )+0. 5
K4z({CK*TMP+eEKIK) 0.5

GO To 980

MU:zCMU
MU t2CMUY
MU2=CMl3
MUI:=CMU
MU4:CMU
LA=CLA
Lat1=CLA
LA2:=CLA
LA3=CLA
LA4=CLA
K=CK
K1t=CK
K2=CK
K3:=CK
Ka-CK
GO T0 980

SQT=aTesEMY
MU=CMU+SQT

LA=CLAsSQT

K=CKeSQT
SQTLM=(TLMs+EMU+SQT ) 0.5
SQTLP=(TLP++EMU+SQT )+0.5
SQTMM=(TMM+ <EMU+SQT ) 0.5
SQTMP=(TMP++EMU+SQT ) #0.5
MU1=CMU*SQTLM
MU2:CMU«SQTLP

MUI=CMUI» SQTMM

MU4=CMU+* SQTMP
LA1=CLA*SQTLM
LA2<CLA*SQTLP
LA3=CLA*SQTMM
LAS=CLA*SQTMP
K1=CK*SQTLM

K2:CKeSQTLP

KI:CKeSQTMM

K4=CK+SQTMP
LP2MzLA+2 . O*MU
LP2r1sLA 142 . QsMU1
LP2M221LA2+42. 0°MU2
LP2M3=L A3+2.0*MU3
LP244=LA4+2 Q+Mys
LPM=LA+MU

AVMURaRMU/MU

IF (RLA.GT.0.0) AYMUR=RLA/MU

CA_CULATE TME TURBULEN! YISCCSITY COEFFICIENTS

IF (1iM.€Q.0) GO 1D 1190
IF (1TM.EQ.3) GO TO 1160
IF (IMUM.FQ.2) GO TO 1C10

DELTAY=YSL2-YSLY

IF (1WP.NE.O) G0 TO 990

IF (W LT.MMIN) DELTAY=YMIN-YSL
IF (M.GT.MMIN) LELTAY=Y3L2-YMIN
IF (M.NE.M4MIN) GO 1D 990
DELTAY=D.5+(Y¥SL2-YSL!)
DELTAYO=YMIN-YSLY
DELTAY4=YSL2-YN'Y
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4328
4329
4330
43319
4332
4333
4334
4335
4336
4327
4338
4339
4340
4341
4342
4343
4344
4345
4345
3247
4348
4349
430
4351
4352
4353
4354
4355
4356
4357
4358
4359
4360
4361
4362
4363
4364
4369
43€6
4367
4368
4369
4370
4371
4372
4373
4374
4375
£376
4377
4378
4379
4380
4331
4382
4383
4384
4385
438G
4387
4388
4389
4390
4391
4302
4393
4394
439%
4396
4397
4398
4399

990

1000

1010

1020
1030

1049

1050

1060

1070

1080

1090

1100

TML=CML 1+ ABS(DELTAY)

IF (IMP_.EQ.O) TML=CML2*ABS(DELTAY)

IF (ITM.€Q.2) GO TO 1140

TML3>TML

TMLA=TML

IF (IMP.NE.O) GO TO 1080

IF (M.EQ.MMIN-1.0R.M.EQ.MMIN+1) GO TD 1000
IF (M_NE.MMIN) GO TO 1080
TML3=CML2*DELTAYJ

TMLA=CMLO*DELTAYAS

1F (L.NE.LDFSS-1.AND.L.NE.LDFSF+1) GO TO 1080
TML=0.5+TML

TML3+0.5TML3

TMLA=0.5+TMLS
GO T0 t080

YWB=YCB(L)

YWTeYW(L)

IF (MDFS.€EQ.0) GO TO 1030

IF (IB.EQ.4.0R . M.GT.MDFS) GO TO 1020
YWT-=YL(L)

TAUW: TAUWM

GO 10 1050

YwB=YU(L)

TAUWsTAUWP

GC TG 1040

17 (NGCB.£CQ.0) GO TO 10%0

YPD=YP-YWB

YPD3zYP2-1WB

YPD4=YP4-YW8

GO T0 1060

YPD=YWT-YP

YPD3=YWT-YP3

YPD4=*YWT-YP4

IF (YPD3.LT.0.0) YPD3=vYPND4

IF (YPD4.LT.0.0) YPD4=vPD3
YOUM=SQRT(RO(L ,M, N1} -MU*TAUW)/(26.0°MU)
YPLUS=YPD+YDUM

YPLUS3=YPD3+YOUM

YPLUSA=YPD4+YDUM
TML=0.4°YPD*(1.0-EXP(-YFLUS))
TML3=0.4°YPD3*( 1.C-EXP(-YPLUS3))
TMLA=0.4+YPD4+(1.0O-EXP(-YPLUSE))

1F (DEL.EQ.0.0) GO TO 1070
YTERMD=0.0168°ABS(UBLE ) *DELS*RO(L ,M N1}
ROEL=1 O/DEL
MUTD=YTERMD/(1.0+5.5¢(YPD+*RDEL)*+6)
TMLD=C.0

IF (BUY34_.EQ.0.0.AND.VXY12 . EQ.0.0) GO TO 1120
TMLO=SORT(MUTD/(RO(L .M. Nt)*SQRT(BUY34*BIYI4+VXY12.VXY12)))
GO T0 1080

TMLD=0.0

MUTD=0.0

GO 10 1120

MUT=TML « TML*RO(L . M. N1)+*SORT(BUY34+BUYIZ+VXY12+yrY 12)
IF (IMULM.EQ.2.AND.MUTD.LT.MUT) GO TO 1120

IF (ITM_EQ.2) GO TO 1140

MUT 1=2TML*TML*RO(L . M.N1)*SQRT{BUY 1+BUY1+VYXY1eVXT 1)
MUT2=TML*TML*RO(L .M _N1)+SQRT(BUY2+BUY2+VXY2+VXY2)
IF (MDFS.EQ.0) GO YO 1090

IF {L.EQ.LDFSS) MUT{=MUT

IF (L.EQ.LDFSF) MUT2=MUT

IF (M.GE.MMIN-1.ANDG.M.LE MMIN+t1) GO TO 1090

IF (L.EQ.LDFSS-1} MUT2=MUT

It (L.EQ.JLDFSF+1) MUT1=MUT

IF (NOSLIP.EQ.O) GO 10 t110

IF (M EQ.1.AND.NGCB.NE.O) GO TO 1100

IF (M.EO.MMAX.AND.lwALEQEQ‘O) GO 10 1100

iF (M_EQ.MDFS.AND.LCFS.NE.O) GD YO 1100

GN TC 1110

MUT=0.0



4400
4401
4402
4403
4404
4405
4406
4407
4408
4409
4410
4411
4412
4413
4414
4415
4416
4417
4418
4419
4420
4421
4422
4423
4424
4425
4426
4427
f 18
- 3
«430
4431
4432
4433
4434
443%
4436
4437
4438
4439
4440
4441
4442
4443
4444
4445
4446
4447
4448
4449
4450
4451
4452
4452
4454
4455
4456
4457
4453
4459
<460
4461
4462
44K3
4464
4485
4466
4467
4468
4459
4470
4437

1110

1120

1130

1140

1150

1160

<
1170

MUT 1=0.0
M:1220.0

MUT3*TML3*TML3*RO(L .M, N1)*SQRT(BUYI*BUYI+VXYI*VXY3)
MUT4=2TMLA-TUMLA4+RO(L,M,N1)+SQRT(RUYA«BUYA+VXYA+VXY4)

IF (IMLM EC.1) GC TO 1130
GO 70 1170

TML=TMLD

IF (ITM.£Q.2) GO TO 1140
MWUT=MUTD

MUT 1=MUTD

MUT2=MUTD

MUT3=MUTD

MUT $+=MUTD

GO TO 1170

IF (M.NE.1.OR.NGCB.NF.O) GO TO 1170

MUT=TML ¢ TMLsTML+BE *ABS(BUY4-BUY3)*DYR*RO(L ,M,N1)

MUT 1=sMUT
MUT2=MUT
GO TO 1170

TML=CQL » TML
TINTaTMLeRO(L .M, N1)*SURT(2.0+Q{L ,M,N1))/MU
DELTA=5.0

1f (TINT.GT.5.0) GO TO 1150
DCOMU=CQMU Q. 1+ TML * THL/MU
MUT+DCQMU*ROSQ*ROSQ

MUT 1=DCOMU-ROSQ 1 *ROSQ!
MUT2=DCQMU*R0OSQ2+R0OSQ2
MUT3:0CQMU*ROSQ3+ROSQ3I
MUT4:=PCQMU*ROSQ4+ROSQ4

GU T0 1160

ODELTA=TINT
DCQMU=CQMU+0. 3534+ TML
MUT=DCQMU*ROSQ

MUT 1:0CQMU*R0OSQ 1
MUT2:DCOMU-R0OSQ2
MUT3=DCQMU*ROSQ3
MUT4=DCQMU-RDSQ4

MUT 120, 5+ (MUT+MUT 1}
MUT2:20.5°(MUT+MUT2)
MUT3=0.5+ (MUT+MUT3)
MUT4:0.5«(MUT+MUTS)
1IF (ITM.EQ.2) GO TO 1170

RET=RO({L,M,N1)*Q(L.M,N1)+Q(L .M N1)-LC/(MU*E(L M N1))

RET120.5+(RET+ROLM*QLM~QLM*LC/(MUIsELM))
RET2=0.5+(RET+RCLP+QLP+QLP+*LC/(MU2+ELP))
RET320.5+(RET+ROMM*Q:4M QMM+ LC/ (MU3+ABS (EMM) })
RET4=0.5¢(RET+ROMP +CMP«QMPsLC/(MU4+ABS(EMP) ))
FUSEXP(-3.4/(1.0¢0.02°RET }=+2)
FUI=EXP(-3.4/(1.040.02+RET{)+*2)
FU2:EXP(-3.4/(1.0%0.02*RET2)*+2)
FU3=EXP(-3.4/(1.040.02*RET3)¢2)
FU4=EXF(-3.4/{1.040.02+RETA)}++2)

MUT=FU+MUT

MUTt=FUT1*MUT 1

MUT2=FU2*MUT2

MUTI=FU3*MUT3

MUTA=zFU4MUT4
C2T=C2¢(1.0-0.2222°EXP(-0.0278+RETRET))

MUT=0.25+(MUT1+MUT2+4MUT3I+MUT4)

IF (MUT1.EN.0.0.AND.MUT2.£Q.0.0) MUT=0.0
TLMUR=MUT /MU

LATEzL LAY *MUT 1/MU1

LAT2:=LA2*MUT2/MU2

LAT3=LAS*MUT2/MU3

LATA=LAd*MUTS /MU4
LAT=0.25«(LATI+LAT2+4LAT3+LATY)

IF (MUT.£Q.0.0) LAT=0Q.0

KT1=TRKMUT
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4492
4493
4494
4495
4496
4497
4498
4499
4500
4501
4502
4503
4504
4505
4506
4507
4508
4509
4510
4511
4512
4513
4514
4515
4516
4517
4518
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4520
4521
4522
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e N e Ne]

1180

1130

1200

1210

1220

1230

1240

1250

KT2=TRK*MUT2

KT3=TRK+MUTI

KT4=TRK yMUT4
KTx0.25* (KT 14KT24KTI+KT4)

If (MUT.£0Q.0.0) KT7=0.0
LP2MT=LAT42,0*MUT

LP2MT 1=LAT 142, 0MUT
LPZMT2=LAT242.0°MUT2
LP2MT3I=LAT3+2.0+MUT3
LP2NTA=LAT4+2 . OMUT4
LPMT=LAT+MUT

IF (ITM.NE.1) GO TO 1180
OLP2MT =L P2MT

DOMUT =MUT

DLAT=LAT

SMU 1 =MUT 1sRGRR

SMU2=MUT2+RORR

SMUJ=MUT3+PORK

SMU4 *MUT4 +RORR

GO TO 1190

SMU 1=MUT 1+2.0/{RO(L. M _N1)+ROLM)
SKU2=MUT2¢2.0/(RC({L.M N1)+ROLP)
SMU3=MUT3+2.0/(RO(L.M N1)+ROMM)
SMU4=MUTA4+¢2.0/(RO(L,M,N1)+ROMP)

DETERMINE THE VISCOUS CONTRIBUTION TO THE TIME STEP CALCULATION

IF (NVC.NZ.1.AND.NVC.NE NVCM+1) GO TO 1250
IF (L.EQ.1.0R.L.EQ.LMAX) GO TO 1250

IF (M.EQC.1.0R.M.£Q.MMAX) GO TO 1250

IF (M.EQ.MDFS.AND.LDFS.NE.Q) GO 7O 1250
DXP1=XP(L)-XP(L-1)

DXP2=xP(L+1)-XP(L)

DYP3=DY/BE3

DYP4s=DY/BE4

1f (RLA.LE.O0.D) GO 10 1200

RMUD 12RLA 1

RMUD2=RLA2

RMUDJ3=RLA3

RMUD4 «RL LA

G0 TO 1210

RMUD t=RMU i

RMUD2=RMU2

RMUD3=RMU3

RMUD4 =RMU4 .

TMUTX 1= (MU1+RMUD1+4MUT 1)/ (RO(L M, NT)*DXP1+DXPt)
TMUTX2={MU24RMUC2+MUT2)/(RO(L.M N1)sDXP2:DXP2)
TMUTY3=(MU3+RMUD3+MUT3)/(RO(L .M N1)¢DYP3+DYP3)
TMUTY3=(MU4+RMUCI+MUT4 )/ (RO(L , M N1)+DYPADYP4)
TMUTX3AMAX 1 (TRUTX 1, TMUTX2)
TMUTY=AMAX1{ TMUTY3, TMUTY4)

1F (NVC.NE.1) GO TO 1220

IF (YMUTX.LE.TMUX) GO TO 1220

Loux=L

MOUX =M

TMUX=TMUTX

IF (TMUTY.LE.TMUY) GO TUO 125C

LbuY=L

MDUY =M

TMUY=TMUTY

GO T0 1250

IF (TMUTX.LE.TMU1IX) GO TO 1240

LDUX=L

MDUX =M

TMU1X=TMUTX

IF (TMUTY.LE.TMUIY) GO 10 1250

LoUY=L

MOUY =M

TMUIY=TNUTY

CALCULATE THE VISCOSITY AND HEAT CONDUCTION TERMS

UVT=0OMe ( (LPIM24RLP2M2Z+LP2MT2) sUXY - (LP2MI+RLP2M1+LP MT 1) o UXY 1+ (LA2
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4545
4546
4547
4548
2549
4550
4591
4552
4553
4554
4555
4556
4557
455R
4559
4560
4561
4562
4563
4564
4565
4566
4567
4568
4569
4570
4571
4572
4573
4574
4575
4576
4577
4578
4579
4580
4581
4582
4583
4584
4585
486
4527
4528
4589
4530
4591
4592
4593
45c4
4595
4536
4537
4598
4599
4600
4€01
4622
4503
4604
4€0S
4€03
4€07
4€08
4609
4610
4611
4612
4613
4514
4815
46°6

o000

1 SRLA2+LAT2)+BVY2-(LA14RLAI+LAT1)*BVY 1) sDXR+IL+( (LP2M4+RLP2IM4
2 +LP2MT4)*UxY4-(LP2MI*RLP2MI+{ P2MT3 ) *UXY3+(LAJ+RLAL+LAT4)*BVY4-
3 (LA3+RLAJ4LAT3)*BVY3)+OYR+BE*( (MU4+RMUL+MUT4) VXY 4 - (MUI+RMUI +MUTI
4 )oVXY3+(MU45RMU4+NMUTA ) sBUY4 - (MUI+RMUI+MUTI ) sBUY3 ) 2DYR

VVT=OMe¢ ( (MU2+4RMU24MUT2) » (VXY2+BUY2) - (MU1+RMU14MUT § ) ¢ (VXY 14BUY 1))

1 *OXR+AL*((MUS+RMUA+MUTA ) »VXY4~(MUI+RMUI+MUT3) *VXY 3+ (MU4+RMUA+MUT 4
2 )+BUY4-(MU2+RMUI+MUT3)+BUY3) 'DYR+BE*( (LA4+RLA4+LATA) sUXY4-(LA3
3 ORLASOLATS)°UXY3¢(LPZMdORLP:MdoLPZMII)°8VV4-(LP2M30RLP2N3*LP2u73)
4 *BVYJ)*DYR
PVT=(LP2MsRLP2M4DLP2MT )¢ (UXY 124UXY 124BVY34+BVY34 )+ (MU+RMU+DMUT ) »

1 (VXYIQ'VXV120BUY34'8UY34)02.0'(LA¢RLAODLAT)‘UXY12'BV73402.0'(MU
2 +RMU+DMUT ) +BUY34sVXY 12 :

PCT=0OM* ((42+RK2+KT2) ¢TXY2-(K1+RK14KT1)eTXY1)eDXR+AL*((K4+RKA+KT4)
1 ¢TXY4-(K34RKI+KTI)¢TXY3)sDYR4BE*( (KA+RKA+KT4)sBTYA-(KI+RKI+KTI)
2 *BTY3)*DYR

IF (I1TM.EQ.0.AND.CAV.EQ.0.0) GO TO 1280

RODIFF=0M»((CAL *SMU2+RORR*RRO2)*ROXY2- 7.5¢ >SMU14RORR*FRO 1) *ROXY 1)
1 *DXR4AL*((CAL*SMU4+RORR*RRO4)*RUXY4-(L:i - SMUB+RORR*RRO3) *ROXYJ )
2 *DYR+BE*((CAL*SMU4+RORR*RRC4)*BROY4-{CAL»SMU3+RORR*RRO3 ) *BROY3)
3 *DYR

IF (1TM.EQ.0) GO TO 1280
UROT=-0.67¢(OM*ROQX+AL *ROQY )+CAL* (U(L M ,N1)+(OMe(SMU2+ROXY2-SMU1

1 SROXY 1)*DXR+AL* (SMU4+*ROXY4-SMU3*ROXY3)*DYR)+BEsV (L ,M,N)+(SMU4
2 sKUXY4:-SMU3*ROXY3)+DYR)
VROT'-O.67'BE'RDQVOCAL'(V(L.M.Ni)'BE°(SMU4~8RDV4-SNUSOBROYB)-OYR‘U
1 (L.M.N1)+(OMe*(SMU2°BROY2-SMU1*BROY 1) +DXR+AL *( SMU4 s BROY4 - SMU3J
2 *BROY3)*DYR))

RODUMT =CM+ (SMU2 *ROXY2-SMU 1 *ROXY 1} *DXR+AL« ( SMU4+ROXY4 - SMU3*ROXY3 )

1 *DYR+BE*(SMU4*BROY4-SMU3+BROY3)*DYR

PROT = -CAL*RG*T*RODUMT

IF (1ES.NE.O) SO TO 1280

IF (L.EQ.LMAX.OR.L.EQ.t) GO TO 1290

IF (ITM.EO0.1) GO TO 1280

CPROD=LP2MT ¢ {UXY 12°UXY 12+BVY34+BVY34 )+MUT « (VXY 120 VXY 124BUY 34 +BUY 34
1 )+2.0°LAT+UXY 122BVY3442.0MUT*BUY34+VXY 12
ODIFF-O”'((lU:‘MUT2'S!GOR)°OXV2-(HU10NUT1'SXGOR)'OXY1)‘DXRoAL‘(

1 (MU24MUT&*SIGOR)*QXY4-(MUI+HMUTI*SIGUR)*OXY3)*DYR+BE ¢ { (MU4+MUT4

2 *SIGQR)*BQY4-({MU3+MUT3+SIGOR)*BQY3)+*DYR
QROTT=-XITM*Q(L .M, N1)*RO(L ,M,N1)s(UXY124BVY34)

1F (1TM.EQ.3) GO TO 1260

QDISS=0.0

IF (TML.NE.O.O) QDISS=2.0°MUDELTAO(L. .M. N1)/(TMLsTML)

GO TO 1280

1260 EPROD=0.C

EDISS=0.0

If (Q(L.M.N1).EQ.0.0) GO TO 1270
EPROD’C1'E(L.M.N')/Q(L.M.Nl)'(LP?MT'(UXY12'UXY1208VY34‘BVV34)OMUT'
1 (VXY'?'VXV!?OBUVJA'BUVSA)02.0'LAT'UXY12'BVV3402.O'NUT~BUV34*VXY12
2)

EDISS=C2T+ROIL M N1)*E(L,MN1)}*(E(L .M N1)-2, 0*MY+RORRLC*»(Q2XY

1 4BQ2Y)**2)/(Q(L .M ,N1)sLC)

If (EDISS.LT.0.0) EDISS=0.0

1270 EDiFF*OM'((M020MUY2'SIGEQ)‘EXY2-(“Ul’MUT"SIGER)'EXY1)'DXR*AL'(

1 (HUA‘MUT4'SIGER)'Exvl-(MU34MUT3'SIGER)'EXVB)'DYROBE'((M040HUT4

2 *SIGER)=BEY4-(MU3I+MUT3+*SIGER)*BEY3)*DVYR
ODISS-RO(L.M.Nl)'(E(L.M.Nl)*2.0'MU'RORR'LC'(O2XY¢807Y)"2)/LC
ELOWR=2.0+RORR+*MU*MUT «LC ( (OMe (UXY2-UXY 1) sDXR4AL* {UXY4-UXY3)eDYR) e
1 *2+4(DMe(VXY2-VXY 1)eDXR+AL*(VXY4-VYY3)eDYR)*2+(Bi+{BUY4-BUY3)DYR

2 )*+24(BE*(BVY4-BYY3)+DYR)ve2)

Q AND E FOURTH ORDER SMOOTHING

IfF (STBO.LE.Q.O.AND.STBE.LE.O0.0) GO TO 1280
DCX=QLP-2.0°Q(L. M Ni)+OLM
DQY=OMP -2 O*Q(L .M . N1)+OMM
DEX=ELP-2.0°E(L .M N1)+ELM
DcY=EMP-2 O¢E(L, M NI)+EMM
QAVGX=0.25°(CLP+2.0+Q(L .M N1)+QLN)
OAVGY=0.25°(QMP+2 0*Q(L M N1)+QMM)

IF (QAVGX.LE.O.0) QAVGX=1_OE+10

IF (QAVGY.LE.O.0) QAVGY=1_.QE+10
EAVGX20.25¢(ELP+2. . O°E(L .M N1)+ELM)
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C
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C
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1280

EAVGY0.25¢(EMP+2.0+E(L M N1)+EMM)
AST=sSQRT(AL*AL+3E*BE)

OSMO»STBQRO(L M N1)+((ABS(U(L .M ,N1})+A)*ABS{DOX)*OM DXR*DAX/OAVGX
1 +(ABS(U(L M, N1)2ALSV(L M N1)*BE)+AST*A)*ABS(DQY)*DYR+*DQY/QAVGY)
ESMO=STBE *RO(L ,M,N1)+((ABS(U(L,.M,N1))+A)-ARS(DEY)*OM*DXR*DEX/EAVGX
t +(ABS(U(L.M,N1)*AL+V(L M N1)*BE)+AST+A)*ABS(DEY ) *DYR*DEY/EAVGY)

PRINT THE TURBULENCE MODEL CONV, PROD, DISS, AND
DIFF YERMS FOR THE REQUESTED GRID POINT

IF (ITM.LE.1) GO TO 1290

I¢ (L.NE.LPRINT.OR.M NE MPRINT) GO TO 1290

1F (NVC.GT.2) GO T0 1290

IF (M.EQ.1.0R.M EQ.MMAX) GO TD 1290

IF (M.EQ.MOFS.AND.LDFS.NE.O) GO TO 1290

IF (N.EQ.1) WRITE {6,1470)

UVB*U(L M. N1)*ALSV(L M N1)e8E

QCON=~(U(L.M N1)eOMe(Q(L+1 M ,Nt1)-Q(L-1 M, Ni))'ornouva~(o(L M+4 Nt)
1 -0(L,M-1_,N1))*DYR)*0.5°DT
ECON--(U(L.M,Ni)°0M-(E(L*1.M.NI)'E(L~'.M.N1))'DXR*UVB~(E(L.Mt|.N1)
1 ~E{L.,M-1,N1))*DYR)*0.5+07

QPRG+UPROD*OT *RORR

QD!S*-QD1SS*DT*RORR

QCIF=QD1HF DT eRORR

CPROSEPRUD*DT +RCRR

EDIS*-EDISS+DT+RIRR

EOIF=EDIFF«DT+RORR

ELOR=ELOWR+DT *RORR

NP =N+NSTART

WRITE (6.1480) NP L .M. Q(L .M. N1),QCON,OPRO.QDIS,.QDIF E(L.M,N1) ECON
i ,EPRO.EDIS.EDIF ELOR

1290 IF (NDIM.€Q.0) GO 10 1330

CALCULATE THE AXISYMMETRIC TERMS

IF (M.EQ.$.AND.YCB(L).EQ.0.0) GO TC 1310
vBaV(L,M ,N1)
UVTA=((LPM+RLPM+LPMT ) sVXY 12+ (MU+RMU+MUT ) sBUY34)/YP
VVTA=(LP2M+RLP2M+LP2MT )+ (BVY34-VB/YP)/YP
PVTA~((LP2M+RLP2M+DLP2MT ) »VBsVB/YP+2 O« (LA+KLA+DLAT)+vB*(BVY34
1 +UXY12))/YP

PCTA=(K+RK4KT )0 .5¢(BTY44BTY3)/YP

IF (1TM.EQ.O0.AND.CAV.EQ.0.0) GO TO 13350
RODIFFA=(CAL*MUT+RRO}*RORRSBROY34/YP

1F (1TM.EQ.Q) GO TO 1330

UROTA=CAL *MUT+*RORR*V(L ,M ,N1)+*ROXY 12/YP
VROTA=CAL*MUT*RORR*V{L M ,N1)+BROY34/YP
PROTA=-CAL*RG*T+MUT*RORR*BROY34/YP

IF (1€S.NE.OQ) GO TO 1330

IF (L.EQ.LMAX.OR.L.EQ.1) GO TO 1330

I+ (I1TM.EQ.1) GO TO 1330
QUPRODA=(LP2MTeVBeVB/YP+2,0LAT+VB*(BVY34+UXY12))/YP
QDIFFA=(MU+NKJT*SIGQR)*BQY34/YP
QROTTA=-XITM+Q(L M _N1)*ROL M ,Nt)esVvB/YP

IF (ITM.€0.2) GO TO 1330

IF (Q(L.M,N1).EQ.0.0) GO TOC 1300
EPRCDA=C1sE(L.M.N1)*»(LP2MT+VBeVB/YP+2.0+LAT+VB+ (BVY34+UXY12))/(0(L
1 M,N1)*YP)

1300 EDIFFA-(NU*NUT'SIGER)'BEYSJ/YP

ELOWRA*2 . O*RORR*MUMUT¢LC+((BUY34/YP)ee2+(BVY38/YP)e+24+2.0+8UY34
1 *BE*(BUY4-BUY3)*DYR/YP+2.02s8VY34+BE*(BVY4-BYY3)*DYR, (P)
GO TO 1330

CALCULATE THE AXISYMMETRIC TERMS ON THE AXIS

1310 UVTAS(LPM&RLPM’LPMY)‘BE’(VXV4-VXY3)'DYR#(MU*RMU?HUT)‘85'(8UY4‘CUY3

1 )eDYR
VVTA3(LP2M+RLP2M+LP2MT }+0.5+BE+/BVY4-BVY3)+DYR

 PVTA={LP2M+RLP2M+DLP2MT+2.0*(LA+RLA+DLAT ) )+BVY34+BVY34+2.0¢(LA+RLA

1 +DLAT)eBVY34+UXY 12
PCTA=(K+RK+KT )+BE=*(BTY4-BTY2)*DYR
IF (ITM.EQ.O.AND.CAV.£Q.0.0) GO T0 1330
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1

RODIFFA=(CAL+MUT4RRO)*RORR+BE * (BROY4-BROY3) sDYR

IF (1TM.£Q.0) GO TO 1330

UROTA=CAL *MUT +RORR*BVY34 ¢ROXY 12

VROTA=0.0

PRMITA=-CAL*RG*T*MUT *RORR+BE * (BROY4 -BROY3 ) «DYR

IF (1IES.NE.O) GO TO 1330

IF (L.EQ.LMAX.OR.L.EQ.1) GO TO 1330

IF (ITM.EQ.1) GO TO 1330

QPRODA=(LP2MT+2.0¢LAT)*BVYI4+BVYI4+2.09LAT¢BVY34+UXY 12

QDIFFA=(MU+MUT*SIGQR)+BE+(BQY4-BQY)*DYR

QROTTA=-X1TM+Q(L M ,N1)*RO(L ,M,N1)+BVYI4

IF (ITM.EQ.2) GO TO 1330

IF (Q{L.M,N1).£Q.0.0) GO 10 1320

EPRODA=CI*E(L,M N1)o((LP2MT+2,.0°LAT)*BVYI4*BVY34+42. 0¢LAT*BVY34
*UXY12)}/Q(L .M ,Nt)

1320 EOIFFA=(MUSMUT*SIGER)*BE*(BEY4-BEYI)*DYR

1330

1340

1350

1360

1370

1380

1

ELOWRA*6.0*RORR*MU*MUT*LC*{ (BL*(BUY4-BUY3)*DYR)**2+(BE+(BVY4-BVY3)
*DYR)ese2)

FILL THE VISCOUS TERM ARRAYS

QUT(L,M)=(UVT+UYTA+UROT+UROTA ) *RORR
QVT(L,M)=(VVT+VVTA+VROT+VROTA ) *RORR

QPT(L, n)-cnu-(pvronverpcr¢pcrAopnor»pnorA¢coxss)

1F {(ITM.EQ.0.AND.CAV.£Q.0.0) GO TO 1340

QROT(L .M)=RODIFF+RODIFFA

1F (IES.NE.O) GO TO 1340

1F (L.EQ.LMAX_.OR.L.EQ.1) GO TO 1340

IF (ITM.LE.1) GO TO 330
QQT(L.M)=(QPROD+QPRODA+QDIFF+QDIFFA+QROTT4+OROTTA-QDISS+QSMO ) *RORR
QET(L.M)=(EPROD+EPRODA+EDIFF+EDIFFA-EDISS+ELOWR+ELOWRA+ESMO ) *RORR

PRINT THE VISCOUS TERMS

IF (IAV.EQ.V) GO Y0 1400

IF (NC.NE.NPRINT.AND.(N.NE.NMAX . AND.ISTOP.EQ.O)) CN TO 1400
IF (IAV.EQ.2) GO TO 1350

IF (NVC.GT.2.AND.NVC.NZ.NVCM+1) GO TO 1400
IF (L.EQ.1.AND.{NVC.EQ.1.AND.1IB.NE.4)) GO TO 1370
IF (L.EQ.1.AND.MDFS.£Q.0) GO TO 1370

IF (L.EQ.1.AND.IB.EQ.3) GO 10 1370

IF (M.EQ.MIS) GO TO 1360

IF (M.EQ.MVCT+1.AND.{(MDFS_.NE.O.AND.MDFSC.EQ.0)) GO 10 1360
IF (M_EQ.MVCT+1 _AND.MVCB.EQ.1) GO TO 1360
GO TO 1370

WRITE (6,1490)

NUINE=NLINE+1

NUINE=NLINE+ ¢

IF (NLINE.LY.S54) GO T0 1380

WRITE (6,1460)

NP=N+NSTART

WRITE (6,1450) NP _NVC

NLINE=1

COPT=QPT{L .M)/PC+DT

DQUT=QUT(L ,M)+DT

DQVTY=QOVT{(L .M)*DT

DQROT=QROT{L ,M)*G+DT

DQ=0{L .M _N1)

DDE=E(L .M Nt)

DQQT=QQT(L . M) DT

DQET:=QET(L ,M)*DT

DTML=TML

IF (IUDO.NE.2) GO TO 1390

DQUT=DQUT+0. 3048

DOV T=DQVT«0.3048

DOPT=DQPT«6.8948

DNROT=DQROT .02

00Q-D00Q0°+0.0979

DDE =DDE+0.0929

DQOT=DCQT+0.0929

DQET=0QET*0.0929

DTML=DTML*2.54

1320 WRITE (6, 1440) L M, DQUT DUVT,DQPT DQROT ,AVMUR, TLMUR,DQ.DDE . DQQT
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1 ,OQET,DTML
14C0 CONT INUE
1410 CONIINUE
IF (MDF5.EQ.0) GO Y0 1420
IF (NVC.EQ.1.AND.MDFSC.NF.O) GO 10 1420
IfF (MIS.EQ.1.AND.MIF . EQ.MDFS) GO 10 SO
IF (MIS.EQ.MVCB.AND . MIF.EQ.MFS) GO 10 S0
IF (MIS.EQ.MDFS*+1 AND.IVC.EQ.Q) GO ‘0 60
If (MIS.EQ.MDFS+1.AND.NVC.NE_1) GO 10 60
1420 IF (IAV.EQ.0) RETURN
IF (MNC.NZ . NPRINT.AND.N.NF .NMAX) RETURN
IF (1AV.€G.2) GO TO 1430
IF (NVC.NE.V.AND.NVC NE.NVCM+1) RETURN
1430 IF (TMUX.NE.O.O) ROUM= TMISY /TMUX
IF (NVC.NZ. 1, AND.TMUIX . NE.O.0) RDUM=TMU1Y/TMU X
WRITE (6,1500) LDUX,MLUX,LOUY,MDUY ,ROUM, NVC
RETURN

FORMAT STATEMENTS

1440 FORMAT (iH ,215,2F11.4,F11.5 F11.6,2F11.3,.F12.4,€10.3.F11.4,£10.3
1 ,F11.6)

1450 FORMAT (1H ,51HLOCAL VISCOSITY (ARTIFICAL-MOLECULAR-TURBULENT) AND
1 .26M HEAT CONDUCTION TERMS, N=,{6,6H, NVC=,13//5X, 1HL,4X, 1H4,7X,3
2 HQUT,BX,3HQVT,BX,3HUPT, 7X,4HQROT, 7X, SHi* JMUR , 6X . SHTLMUR, ax 1HOQ, 9X,
3 {HE, 104,3HOQT ,6X 3HOET ,BX ,3HTML . /)

1460 FORMAT ( 1Ht)

1470 FORMAT (tH1,3X, 1HN,3X, 1HL, 3X, 1HM,5X, tHQ,8X,4HQCON, 6X ., 4HQPRO.6X , 4HQ
101S,6X,4HQDIF, 7X, 1HE, 8X, 4HECON, 6X , AHEPRO,.6X.4HEDIS,6X, 4HLDIF . 6X, 4K
2ELOR. /)

1480 FORMAT (tH ,314,11E10.3)

1490 FORMAT (1H ,3X,48H----c-=cccccacemccc i eiiccccaccecccmaacanacnnnn

)

1500 FORMAT (1HO, 10X,20HX TERMS GRID POINT=(,12,1H,,12.25H), Y TERMS
1GRID POINT=(,12,1H,,12,22H), RATIQO OF Y TO X=(,€9.3,.9H), NvCs=
4 ,13,/7)

1510 FORMAT (1HO, 109H+sees THE TEMPERATURE USED IN THE MOLECULAR VISCOS
1ITY CALCULATION IN SUBROUTINE VISCOUS BECAME NEGATIVE AT N=.16. 1H,
2 ,/,7X,2HL*,12,4H, M=,12,6H, NVC=,13,€6H ecese)
END
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SUBROUTINE SMOOTH

o}

C 0000000 0000000000000 000000l 00 0PIt ItcrIetitesetsossosdotssbrtasn
Cc

C THIS SUBROUTINE SMOOTHS THE FLOW VARIABLES IF REQUESTED

C

C 0P80 0e000000CeItiititarieneattiiciderersersciescencttososorene
Cc

*¢CALL ,MCC

(o}

C SPACE SMOOTHING

[od

IF (SMP _EQ.1.0) GO Y0 100
SMP4=0.25+(1.0-SMP)
IF (MDFS.£Q.0) GO TO 20
IF (LDFSS.EQ.1.AND.LCUFSF.EQ.LMAX) GO TO 20
IF (LDFSS.€Q.1) GO YO 1C
UL(LDFSS-1.,N3)=U(LDFSS-1,MDFS N3)
VL(LOFSS~1 ,N3)=V(LDFSS-1,MOFS, N3)
PL(LDFSS-1,N3)=P(LDFSS-1,MDFS, N3)
ROL(LOFSS5-1 ,N3)=RG(LDFSS-1_ MOFS,N3)
QL(LDFSS-1,N3)=Q(LDFSS-1 MOFS,N3)
EL(LDFSS-1,N3)=E(LDFSS-1 ,MOFS N3)
10 IF (LDFSF.EQ.LMAX) GD TO 20
UL(LDFSF#+1 ,N3)=U(LDFSF+1,MDFS N3}
VL({LDFSF+1 N3)=V(LDFSF+1,MDF3 .N3)
PLILOFSF+1 _N3)=zP(LOFSF+1 MDFS,N3)
ROL(LOFSF+1 _N3)=RO(LDFSF+1 ,MDFS N3)
QUL(LDFSF+ 1 ,N3)=Q(LDFSF+1 ,MDFS, N3)
EL(LOFSF+1 ,N3)=E(LDFSF+1,MDFS NJ)

20 DO 90 L=2.L»
IF (IWALL.NE.OQ.AND.V{L ,MMAX ,N1).LY.0.0) GO TO 40
U(L.MMAX N3)=SMPA«(U(L-1,MMAX N3)sU(L+1 MMAX N3)+2.0°U(L.MMAX N3))
1 +SMPeU(L ,MMAX ,N3)
IF (NOSLIP.NE.O.AND.IWALL.EQ.0) U(L . MMAX_N3)=0.0
IF (IWALL.EQ.O) V(L ,MMAX ,N3)s-U{L ,MMAX N3)*NXNY(L}+XWI(L)
IF (IWALL.NE.C) GO TO 30
If (JUFLAG.EQ.1.AND.L.GE.LJET) GO TO 20
P(L.MMAX NI} =SMP4a+(P(L-1 MMAX N3)4+P(L+i MMAX ,N3)+2.0¢P(L.MMLX N3))
1 +SMPeP (L ,MMAX N3)
30 RO(L,MMAX N3)=SMPA«(RILL-1 MMAX N3)+RO(L+1,:IMAX N3)+2.0-RO(L ,MMAX
1 .N3))+SMP+RO(L,MMAX N3)
I (TW(1).GE.O.0C) P(L,MMAX,*3)=RO(L.MMAX N3)*RG*TW(L)
40 LY 1 N3)=SMPA{UIL-1, 1, ,NI)+U(L+1,1,N3)+2.0°U(L, 1.N3))+SuP (L. 1
1 ,N3)
IF (NOSLIP.NE.O.AND.NGCB.NE.O) U(L,1,N3}:0.0
VL, 1,N3)=-U(L, 1, ,MN3)eNXNYCB(L)
P(L,1,N3)=SMPA*(P{L-1,1,M3)+P(L+1, 1.N3)+2.0+P(L,1.,N3))+SMPeD(L, 1

1 N3}
RCG(L.1.N3)=SMP4+(RO(L~1,1,N3)+RO(L+1,1,N3)+2.0+RO(L.1.N2})+SMPeRO
1 (L,1.N3)

IF (TCB(1).GE.O.0.AND.NGC8.NE.O) P(L.1,N3)=RO(L,1.N3)+*RG*TCB(L)

IF (ITM_LE.1) GO TO 50

Q(L.MMAX N3)-SMPa+(C{L~-1 ,MMAX NI)+C(L+1 MMAX N31#2.0v0(L  M9aX N2))
1 +SMPeQ{L ,MVAX N3)

EEL MMAY N3T=SMP3e(E(L -1 ,MMAX NJI)+E(L+1 MMAX N3)+42 QeE(L . MMA\ N3;'®
1 SMPeEL MMNAX N3)

O(L,* N3)=SMP&«(N(L-1,1,N3)+Q(L+1,1,N3)+2.0°Q(L,1,N3))+SMDeQ(". 1

1 ,N3)

E(L. 1 N3)=SMPAelE(L-1, 4 NI)sE(L+1, ¢ N3)+2.0¢E(L. 1 N3))+SMPaE(L, 1

1 .N3)

SO LDFS=0

IF (MOFS.EQ.O) GO 10 60 )

IF (L.GU.LDFSS.AND.L.LE.LDFSF) LDFS=1

IF (LCFS.EQ.O0) GG .TO 6C
UL(L.N3)=SMP4'(Ut(L*I.NJ)*UL(;*1.N3)¢2.0'UiL.vOFS~1.N3))'SM?-UL(L
1t N3

IF (NOSLIP.NE.C) UL(L,N3):0.0

VLIL.N3)=-ULIL  N3)sNXNYL(L)

PLIL N3 )=SMPI+ (PLIL-1 N3)#+PL(L+1 N3)+2.0P{L . MOFS-1 NI+ 2PePL(L
1 UN3)

161
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C
c

ROL(L,N3)=SMP4+(ROL(L-1,N3}*ROL(L+1,N3)+2.0°RG(L ,MOFS-1,N3))+SMP
1 -ROL(L N3)

IF (TL(1).GE.0.0) PL{L,N3)=RUL(L.N3)sRGsTL(L)

U(L ,MDFS N3}2SMP4«(U(L-1,MDFS,N3)J+U(L+1 MDFS,N3)42.0¢U(L,MOFS+1,N3
1 })+SMPeU(L ,MDFS ,N3)

IF (NOSLIP.NE.O) U(L,MDFS,N3)=0.0
V(L.MDFS.N3)=-U(L.MDFS.N3)'HKNYU(L)
P(L.MDFS,N3)=SMP4+{P(L-1,MOFS ,N3)+P(L+1,MDI'S ,N3)+2.0¢P(L.MOFS+ 1 3
1 ))+SMP+P(L ,MDFS N3}

RO(L ,MDFS,N3}=SMPAa+(RO(L-1,MDFS N3)+RO(L+1,MDFS N3)+2.0vRO(L,MDFS+
1 1.,N3))+SMP*RO(L ,MDFS N3)

IF (TU(1).GE.0.0) P{L,MDFS ,N3)=RO(L,MOFS,N3)*RG*TU(L)

‘IF (ITM.LE.1) GO TU 60
QL(L,N3)=SMP4+(QL(L-1,N3)+QL({L+1,N3)42.0°Q(L . MDFS-1,N2J)+SMPOL(L
1 .NJ) )

EL(L,N3)=SMP4+(EL(L-1 ,N3)+EL(L+1,N3)+2.0°E(L ,MOFS-1,N3))+SMPeEL(L
1 ,N3)

Q(L . MDFS ,N3)=SMPd+(Q(L-1,MCFS,N3)+Q(L+1,MDFS N3)+2.0+Q(L.MOFSH1 N3
1 ))+SMP+Q(L,MDFS N3)

E(L.MOFS,N3)=SMP4s(E(L-1 MOF5 N3)+E(L+1, Mo=s N3)+2.0°E(L,MOFS+1,N3
1 ))+SMPeE(L ,MDFS N3)

60 DO 90 M=2 M1
IF (M_EQ.MDFS.AND .LDFS.EQ.t) GO TO 90
IF (M_NE.MOFS) GO 10 80
IF (L.NE.LDFSS-1.AND.L.NE.LDFSF*1) GO YO 80
IF (L.NE.LDFS5S-1) GO TO 70 .
UCL .M N3)=SMP3«(U(L-1,M ,N3)+U(L M-1_N3)+U(L ,Mv1 N3)+0.5<(L{L+1 .M
1 NJ)OUL(L~1 N3)))45MP-U(L M NJ]
VL. M N3)=SMPa«(V(L-1 .M ,N3)+V(L M-1.N3)}+V(L.M*1,N3)+0. 5'(V(L0| M
1 . N3)evL(L#*1, N1)1)+SMP-va M_N3)
p(L.M.N3)=SMPJ‘(P(L-1,M.N3)0P(L.M-1.N3)‘P(L.M~!.NB)’O.S'(P!LO1.M
f U N3)4OL(L+1 ,N3}))+SMPeP(L M N3)
RO(L.M N3)=SMP4+(RO(L-1,M;NI)+RO(L.M-1,N3)+RI(L ,M+1,N3)+0.5-(RO(L+
1 1, M NJ3)+ROL(L+1,N3)))+SMP*RO(L M, N3)
IF (ITM.LE. 1) GO TO 9T
O(L.N.N3)=SMP4'(Q(L-1.M.N3)‘0(L.M-1,N3)'0(L.M01.N3)*O.5'(0!L’I.M
1 . N3)*QL(L+1 ,N3)))+SMFQ(L M N3)
E(L.H.N3)=SMP4~(E(L-1.M.N3)OE(L.M-I.N3)0EIL.M'!.NB)*O.SU(E(L61_M
t U N3)SEL(L+1,M3)))+SMPE(L .M _N3)
GO 10 90

70 U(L.M N3)=SMP4+(U(L+1 M NI)+U(L,M-1,N3)+U(L.M*1,N3)+0.5(U{L-1.M

1 N3+UL(L-1,N3)))+SMPeUIL M N3)

V(L M _N3)= SMPdo(V(L*! M, N3)+v(L ,M-1 N3)6V(L M+1 . N3:+0.5«(V(L-1.M
1 .N3)¢VL(L-1.N3)))*SHP'V(L.M N3

P{L. M N3)}=SMPA+(P(L+1 M _N3)+P(L,M-1,NI)+P(L,M¢1 N3)+0.5¢{P(L-1,M
1 . N31+PL(L-1,N3)))+SMP+P(L M N3)
RO(L.M,N3)=5MP4+(RO(L+1 M N3 +RO(L.M-1,N3)+RO(L M+1 N3)+0.5+(RO(L-
1 1M N3)+ROL(L-1.N3)))+SMPRC{L M, ,N3)

IF (ITM.LE.1) GO TO 90
O(L.M,N3)=SMPA*(Q(L*1 M N3)4C{L M-1 NI)*O(L ,M*1,:3)-C.5+(QiL-1.M
1 UN3)+QL(L-1,N3)}))+SMP+Q(L.M N3)

ETL .M N3)=SMPar(E{L+1 M NI)+EL M-1 NIV+E(L M+1 N3)I+O.Se(E(L-1.M
1 UN2JSEL(L-1,N3)I)+SMPeE(L M 43)

GO TC 90

80 UL .M. NIV=SHPAe(U(L-1 M N3)+L1L+7 M NI)4U(L M-1 N3)+U(L . M+1.N3))

1 +SHTLU(L,M N3)
V(L.“.N3)=SM94'(V(L-!.M.NJ)‘V(L&i.M.NE)‘V(L.M-'.N3)‘V'L.M°’.N3))
1 +SMPeV(L M,N3)

PLL. M N3)=SMPA+(P{L-1 M. NI}+C{Lst M NI)+P({L . M-1 NI)}sPIL M+1 NI))
1 +SMPsP(L,M N3)

RO(L ., M. N3)=SMPa+«(RO(L-1 M N3V RO{L+1 M ,NI)+RO(L M-1 NI)+RO(L M+ 1
1 ,N3})+SMP*RO(L M N3)

17 (.TM.LE.1) GO TO SO
CIL.M.N3)=SMPA*(Q(L-1 M_N3I+CIL+ 1 M N3)+Q(L . M-8 N3):O(L .M+t N3j)
1 +SMPeQ(L.M N3)
E(L M. N3)=SMPA«(E(L-t M N3)+E(L+1 M NI)+E{L M-1 N3V4E(L .M+ N3))
¢ +3MPef(L M N3) )
20 CCHTINIE

TIME SMOOTHING (NTST . EQ. 1}
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[aNeNe]

100

110

120

130

140

150

IF (SMPT.EQ.1.0) RECTURN
IF (NTST.EQ.-1) GO TO 132
NTC=NTC+1

IF (NTC.NE.MTST) RETURN
NTC=0

IF (NTST.NE. 1) GO TO 130

00 120 L=1,LMAX
LDFS=0
IF (L.GE.LDFSS.AND.L.LE.LDFSF) LOFS=1

00 120 M=1{ MMAX
UCL.M N3)=SMETU(L.M,N3)4+(1.0-SMPT)eU(L M M1}
VIL M NI)=SMPT»V(L M, N3)+(1 O-SMPT)ev(L,M,%1)
PIL.M NI)=SMPTP{L .M ,N3)+(1.G-SMPT)eP (L ,M.N1)
RO(L , M. N3)=SMPT*RO{L M N3)+(1.0-SMPT)eRO(L .M. NT)
IF (ITM.LE. 1) GO TU 110

Q(L. M N3):SMPTeQ{L .M, N3)+(1.0-SMPT)+Q(L.M,N1)
E(L, M, NI)=SMPTE(L M N3)+(1.0-SMPT)+E(L.M.N1)
IFf (MOFS.EN.0.CR.LDFS.EQ.C) GO TO 120

UL(L N3)=SMPTeUL(L N3)+(1.0-SMPT)+UL(L,N1)
VLIL.N3)=SMPT+VLIL N3)+(1.0-SMPT)evL(L.N1)
PLIL .N3)=SMPT+PL(L ,N3)+(1.0-SMPT)ePL(L,NI1)
ROL(L.H3)=SMPT'ROL(L.NJIO(1.0-SMPY)'ROL(L.N')
IF (ITM.LE. 1) &1 10 120

OL(L,N3)=SMPTeQL(L .N3)+(1.0-SMPT)QL(L N1)
ELCL N3)-SMPTEL(L N3)+(1.0-SMPT)eEL(1 N1}
CONT INUE

RETURN

TIME SMOOTH'NG (NTST.GT.1)

D3 150 L=t LMmay
LOFS=0
IF (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS=1

00 150 M=1 mMMax
UL M N3)-SMPTeU(L.M N3)+(1.0-SMPT)+uUS(L,M)
viL.M.N3)=SMPI-V(L.M.NJ)b(1.0-$MPY)'VS(L.MD
P(L.M.N3)=SMPT'P(L.M.N3)‘(1.0-SMPT)'PS(L.M)
RC(L.M.N3)=SMPY-RO(L.M.N3)*(1.O-SMDT)°POS(L.M)
US(L ., MI=U(L, M N3I)

VSIL M)=V{L ,M ,N3)

PSIL M)=P(L M. N2}

RIS(L,M)=RO(L .M N3}

IF (ITM.LE. 1) GO TO 140

QUL.M N3)=SMFT«Q(t \ M N3)+(1.0-SMPT)«QS(L M)
EfL.M.NI)I=SMPTF (L. M N3)+(1.0 SMPT)+ESIL . M)
QS(L ,M)-Q(L.M ,N3)

ES(L.M)=E(L.M N3)

IF (MUFS.€Q.0.0R.LDFS.EQ.0) GO T 150

ULEL. N3 )=SMPT+UL(L . N3j+(1.0-SMPT)+ULS(L)
VLIL,N3)=SMPT+VLIL ,N3)4(1.0-SMPT)svLS(L)
PLEL.N3)=SMPTsPL(L ,N3)+(1.0-SMPT)*PLS(L)
ROL(L.N3)=SHPT+ROL(L,N3)+(1.C-SMPT)+ROL (L)
ULS(L)=UL(L N3)

VLS{L)=VvLIL ,N3)

PLS(L)=PL(L.N3)

ROLS({L)=ROL(L ,N3)

If (ITM.LE.1) GO TO 150

QLIL.N3)=SMPTeQLIL ,N3)+(1.0-SMPT)+QLS(L)
EL(L NI )=SMPT-EL(L N3)+i1.0-SMPT)+ELS(L)
QLS(L)=QL(L.N3)

ELS(L)=ELIL,N3)

CONT INUE

RETURN

END
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SUBROUTINE MIXLEN (L,MV)

C
C ‘Q'O.’h."..Q.t'.0""""0'00"0.'0'.'..‘0"0."'0.0""0"-'
C
< THIS SUBROUTINE CALCULATES THE SHMEAR LAYFR WIDTH . BOUNDARY
c LAYER THICKNESS AND DISPLACEMENT THICKN. 72 FOR THE MIXING-LENGTH
c MODEL (ITM=1) AND ONE EQUATION MODEL (ITM=2)
c
c 'o'.lt'.".000000O'0000‘0‘0'.‘“Ct't'.l-..00'0..00000.0000000'
Cc
*CALL,MCC
c .
c CALCULATE THE SHEAR LAYER WIDTH (YSL2-vsL1)
[
1P=0
LMAP = F ]
IMP=0Q
IF (IMLM.EQ.2) GO TO 120
UMIN=U(L, 1 ,N1)
DO 10 M=1 MMAX
IF (U(L,M,N1).GT.UMIN) GO TO 10
UMIN=U(L,M N1)
MMIN=M
10 CONTINUE
IF (MMIN.EOQ.1.0R.MMIN.EQ.MMAX) [MP=1{
IF (U(L.1.N1),Eo.u(L.MMAx.~|)) GO TO 20
IF (U(L,MMAX N1).GT.U(L,1,N1)) UCHECK=(U(L, 1,N1}-UMIN)/(U(L MMAX
1 N1)-U(L,1,N1))
IF (U(L,MMAX N1).LT . U(L,1.N1)) UCHECK=(U(L ,MMAX N1)-UMIN)/(U(L , 1
! N1)-U(L.MMAX N1})
IF (UCHECK.LT.0.05) IMpP=1
20 IF (IMP _NE.O) GO TO 30
UDUM=UMIN
ROUL=1.0/(U(L, 1,N1)-UDUM)
ROUU=1.0/(U(L,MMAX N1)-UDUM)
GO T0 40
c
30 IF (U(L,1,N1).EQ.U(L,MMAX N1)) GO 70 110
UDUM=U{ L ,MMAX N1 )
RDOU=1.0/(U(L,1.N1)-UDUM)
c
40 DO 90 M=-1 M1
MMAP =M
CALL MAP
IF (M. EQ.MMIN) YMIN:=YD
MMAP =R+ §
YPt=Yp
CALL Map
DYP=YP-vYP{
IF (IMP.NE.O) GO TO SO
ROU=RCUL
IF (M.GE.MMIN) RCU=RDUU
SC UD!I=(UlL. M N1)-UDUM)RDU
UD2=(U(L,M+1 ,N1)-UDUM) *RDU
If (UDY.GE.C.9.AND.UD>.LE.0.9) GI 10 50

IF (UDf.LE.O.?.AND.UD2.GE.O.9) GO T0 A0

IF {(I#P EQ.C) 6B TO 350
Ifr (UD1.GZ2.0.
GO TO 90

{.AND . UD2 . LE.O. }}

GO Y0 80

60 YSL2=YP14(0.9-UD1)+DYP/(UD2-UDT)

1¥ (IMP NE.O) GO TO 70
IF {(M.GE MMIN) GO TO t00O
IF (M. LT .MMIN) YSL1=YSL2
GO 70 90

70 IF (UD1.GE.O.1.AND.UD2.LE.O. 1)
GO 10 %0

G o 80

EO YSLI=YP{+(0.1-UD1)+DYP/(UD2-UDY)

GO 10 100
30 COMTINJE
YSL1=vw(l)
IP=1
RETURN

100



5086
5087
5088
5089
5090
5091
5092
5093
5094
5095
5095
5097
5098
5099
5100
5101
5102
5103
5104
5105
5106
5107
5108
5109
5110
5111
5112
5113
5114
5115
5116
5117
5118
5119
5120
5121
5122
5123
5124
5125
5126
5127
5128
5129
5130
5131
5132
5133
5124
5135
5136
5137
s138
5139
5140
S141
5142
5143
5144
5145
5146
5147
S148
5149
5150
€159
5152
£153
5154
5155
5156
5157

(2 XeNe]

ano0

110

120

130

140

150

160

170

10
190

200

212

220

YSL1=0.0
¥YSL270.0
YMIN=0.0
IP=t
RETURN

CALCULATE THE BOUNDARY LAYER THICKNESS (DEL)

MHU3 = MMA X
MM4:0

IF (MOFS.£Q.0) GO TO 150

IF (NVC.NE.1) GO TU 130

18D=1B

IF (MV.LT.MOFS) 1B=3

1fF (MV.GT.MDFS) 1B™4

IF (18.€Q.4) GO 7O 140
MM3:MDF S

M=MM3+ 1

MDEL=-1

UMAX=U(L, 1,N1)sRO{L, 1,N1)

GO TO 170

MM4=MDF S - 4

M =MM4

MDEL =1
UMAx:u(L.MMAx,Ni)-RO(L,MMAx,N|)
GG T0 170

IF (IWALL.EQ.0) GO TO i60
M=MM4

MDEL=1
UMAX=U(L ,MMAX N1)+RO(L ,MMAX . N1)
GO T0 170

M=MM3+ 1

MDEL=-1
UMAX=UIL, 1. N1)*RO(L, 1 ,N1)

DG 120 MM=1 M1
M=M+MDE L

IF (M+MDEL .EQ.0) GO TG 190

IF (MtMDEL . EQ.MMAX+1) GO TO 190
UD1=U(L.M,N1)*RO(L,M,N1)/UMAX
UD2=U(L.M*MDEL.NI!‘RO(L.M*MDEL.N!)/UHAX
1F (UOI.LE.O.98.AMD.UD2.GE.O.98) GO T0 200
IF (U01.GE.O.98.AND.UD2.LE.O.98) GO 70 200
CONT INUE

DEL=0.0

RETURN

MMAP =M

CALL Map

MMAP =M+MDEL

YPi=YP

CALL Map

DYP=YP-yp{
Y2=YP?*(0.98-UDI)'DVP/(UDZ-U01)

IF (MDFS.EQ.0) GO TO 210

IF (IB.EQ.3) DEL=YL(L)-v2

IF (I1B.EQ.4) DEL=Y2-vU(L)

GO T0 220

IF JIWALL.EQ.O) DEL=vW(L)-v2

IF (IWALL.NE.G) DEL=Y2-vCB(L)

CALCULATE THE DISPLACEMENT THICKNESS (GELS)

DELS=0.C

If (IWALL.EQ.0) GO TO 230

1F (MDFS.NE.O.AND.IB.EQ.3) GO 10 230
MBLE =M+ 1 -MM4

UBLE=U(L . M+1 N1)
ROUBLE=UBLEYRO(L . M+1 N1)

M=MM4

MDEL =1

165
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GO 70 240

230 MBLE=MM3-M+2
UBLE=U(L M- 1 NY)
ROUBLE=UBLE*RO(" . M-1 N1)
MMM+ 1
MDEL =-1

240 MBLE 1=MBLE -1
0G 250 MM= 1 _MELE
MM+ MOEL
MMAD =M
CALL Map
MMAP zM+MGEL
YP1aYP
CALL MaAP .
D\VP=ABS(YP-YP1)
DELS=DELS*(1.0-0.5'(U(L.M.N|)'RO(L.M.N')*U(L.N*MDEL.N!)'RQ(L.M
1 +MDEL.N1))/ROUBLE ) «DYP
250 CONTINUE
IF (MDFS.NE.O.AND.NVC.EQ.1) IB=IBD
iP=1
RETURN
END
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ALL.

SUBROUTINE TURBC (11)

OGO ENITIEREOINIEIEROIEITOLIINICISCEIVIPNIEOIIIICISGITSTOITIOIIIGEIOITOTOETE

THIS SUEROUTINE SET'S THE BOUNDARY CONDITIONS FOR 1€ TURBULENCF
QUANTITIES QO AND E

LR R R N R N N R N R R NN N R Y R R S

MCC
YI1=(YI(2)-YIC )}/ (YI(3)-YI(2))
YIM=(YI(MMAX =11 (M1))/ (/1 (ML)-YI(MD))

1F (MDFS EQ.0) GO 10 10
YIU=(YI(MOFS+1)-YIiMDFS)/(YI(MDFS#+2)-vi{MDFS+1))

IF (LDFSS.EQ. 1) YIL=(YL(1)-YI(MDFS-1))/(Y1(MDFS-1)-YI(MDFS-2))

I1F (LDOFSS.NE.1) YIL=(YI(MOFS)-YI(KDFS~1))/(YI(HDFS-1)-YI(MOFS-2))
G0 10 (20,70, 150), 11 .

SFT QUANTITIES AFTER EACH TIME STEP

DO 30 M=1,MMAX
QU M N3I)=F30(M)

E(1,M N3)=FSE(M)

CONT INUE

CO 40 L=2,L1 .

S(L ,MMAX N3)=Q(L.M1,N3)+YIMe(Q(L,M1,N3)-Q(L,M2,N3))

E(L.MMAX N3)=E(L. M1 ,N3)+YIMe(E(L M1 ,N3)-E(L,M2,N3))

IF (NOSLIP.NE.O.AND.IWALL.EG.O) Q(L,MMAX ,N3)=0.0

IF (NGCB.EQ.O) GO TO 40
Q(L.1,N3)=0(L.2.N3)+YI12(Q(L,2,N3)-Q(L.3,N3))
E(L,1,N3)=E(L.2,N3)+YI1s(E{L 2 ,N3)-E(L,3.N3))

IF (NOSLIP.NE.O) Q(L.1,n83)=0.0

CIONTINIE

D0 50 M=1_ MMAX

Q(LMAX M N3)=Q(L1t, K ,N3)

E(LMAX M N3)=E(L1,M ,N3)

CONT INUF

1F (MDFS.E£Q.0) GO TO 280

QL(1,N3)=FSQL

EL(1,N3)=FSEL

CO 60 L=LDFS$S.LDFSF

Q(L,MDOFS . N3)=Q(L ,MDFS+1,NI)+YIU(Q(L MDFS+1,N3)-Q(L . MOFS+2 .N3))
E(L.MOFS.N3)=€(L ,MDFS+1 N3)+YIU*(E(L ,MOFS+1,N3)-E(L.MDFS+2,N3))
QL(L,N3)=Q(L MDFS-1,N3)+YIL*(Q(L.MDFS-1_N3)-Q(L.MDFS-2,N3))
EL(L.N3)=E{L MOFS-1 N3)+YIL*(E(L .MOFS-1,N3)-E(L ,MDFS-2,N3))

IF (NOSLIP .HE.C) Q(L.MDF3,N3)=0.0

IF (NOSLIP.NE.O) QL(L,N3)=0.0

CONTINUE

GO T0 280

SET QUANTITIES AFTER EACH SUBCYCLE TIME STEP

CO 80 X=MVCB.MVCT
Q(1,%.N3)=FSQ(M)

E(1,M . N3)=FSE(M)

CONTINUE

IF (MVCT.NE.MMAX) GO TO 100

CO 90 L=2,L1

Q(L ,MMAX N3)=Q(i ,Mi ,N3)}:YIMe(Q(L.M1 ,N3)-Q(L,M2,N3))
ECL,MMAX NJ)=E(L,M1 ,NI)+YIM-(E(L M1 N3)-E(L,M2,N3))
IF (NOSLIP.NE.O.AND.IWALL.EQ.O) Q{L,MMAX,N3)=0.0
CONTINUE

1F (MVCB.NE.1.0R.NGCB.EQ.O) GO TO 120

D0 110 L=2,L1
Q(L,1,N3)=Q(L.2.,N2)+¥I1e(Q(L.2,.N3)-0(L.3.N3))
E(L,I.N3)=E(L,2,N3)+YI1e(ELL . 2.N3}-E(L.3.N3))

IF (NOSLIF.NE.C) O(L,1.N3)=0.0

CONTINZE

DO 130 M=MVCB,MVCT

Q(LMAX M N3)=Q(L1,M N3)

E(LMAX M N3)=E(L1.M N3)

CONT INUE
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140

150

160
170

180

190

200
210

220

230

240
250

260
27C

280

230

IF (MDFS.EQ.0) GO TO 280

QAQL{1,N3)=FSQL

EL(1,NI)=FSEL

1IF (MVCB.GY.MDFS.OR.MVCT LT .MOFS) GO TO 280

DO 140 L=LDFSS,LDFSF
Q(L.MDFS.N3,=Q(L MDFS+1 N3)+YIU*{Q(L . MDFS+1 ,N3)-Q(L.MDFS+2.N3))
E(L,MDFS,N3)=E(L ,MOFS+1 N3)+YIUs{E(L,MDFS+1 ,N3)-E(L.MOFS+2.N3))
QUIL.N3)=QIL . MOFS-1 N3)+YIL*(Q(L.MOFS-1,N3)-Q(L.MDFS-2 _N3))
EL(L.N3)=E(L ,MDFS-% N3)+YILs(E(L ,MOFS-1,N3)-E(L,.MDFS-2.N3))

IF (NOSLIP.NE.O) Q(L.MDFS,N3)=0.0

IF (NOSLIP.NE.O) QL(L,.N3)=0.0

CONT INUE :

GO 7O 280

SEY QUANTITIES AFTER ALL PREDICTOR STEPS

IF (NVC.NE.1) GO TO 190

IF (MVCT.FQ.MMAX) GO TO 170

00 160 L=2.L1%

O(L ,MMAX N3)=Q(L,M3$ N3)+YIM-(O(L M1 ,N3)-0(L.M2,N3))
E(L ,MMAY N3)=E(L M1 _N3)+YIMe(E(L.M1 ,N3)-E(L.M2.N3))
1F (NOSLIP.NZ.O.AND.IWALL.EQ.O) Q(L ,M4AX ,N3)=0.0
CONTINUE

DO 130 M=1,MMAX

IF (M.GE.MVCB.AND.M_LL MVCT) GO TO 18C
Q(LMAX M N3)=Q(L 1 ,M N3)

E(LMAX M N3)=E(L1,M N3)

CONT INUE

GO 70 230

1IF (MVCT _NE.MMAX) GO T0 210

00 200 L=2,L1

QL . MMAX N3)=Q(L M1 N3)+YIMe(Q(L MS N3I)-0Q(L.M2,N3))
E(C,MMAX N3)=E(L M1 N3)+YIMe(E(L ,MS NI)-E(L M2 N2))
IF (NOSLIP.NE.O.AND.IWALL.EQ.QO) QL. .MMAX _N3)=0.0
CONT INUE

DO 220 M=MVCB,MVCT

Q(LMAX M _N3)=Q(L1,M N3)

E(LMAX M, N3)=E(L1,M N3)

CONT INUE

1f (MOFS.EQ.0) GO TO 280

IF (NVC.NE.1) GO TO 240

IF (MDFS.GT.MVCB.AND.MDFS.LT . MVCTY) GO TO 270

GO TO 250

IF (MDFS.LT.MVCB.COR.MDFS.GT_MVCT) GO 10 270

DO 260 L=LDFSS,LDFSF
QL(L.N3)=Q(L.MDFS-1 . N3}+YIL*(Q(L ,MDFS-1 ,N3)-0(L . MOFS-2.M3))
EL{L.N3)=E(L.MDFS-1 N3)+YIL*(E{L ,MDFS-1 ,N3)-E(L.MDFS-2.N3)}
I¥ (NOSLIP.NE.O) QL{L.N3)=0.0

CONTINUE

IF (LDFSF.NE.LMAX) GO TO 280

QL(LMAX N3)=QL(L1.N3)

EL(LMAX N3)=EL(L1,N3)

DO 290 L=1,LMAX
IF (Q(L,1,N3) LT.0.0) Q(L,1,N3)=0QL0W

IF (E(L.VY.,N3).LT.0.0) E(L,1,N3)=ELOW

IF (Q(L,MMAX N3).LT.0.0) Q{L,MMAX N3)=QLOW
IF (E(L MMAX N3).LT.0.0) E(L,MMAX,N3)=ELOW
IFf (MDFS.EV.Q) GO TC 290

IF (Q(L.,MOFS.N3).LT.0.0) QIL,.MDFS.N3)=QLOW
IF (E{(L,MUDFS_N3).LT.0.0) E(L.,MDFS,N3)=ELOW
IF (QL(L.N3).LT.0.0) QL(L,N3)=QLOW

IF (EL(L,N3).LT.0.0}) EL(L.N3)=ELOW
CONTINUE

RETURN
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SUBROUTINE INTER

GOR P RCPIICNI ROV OIREIPIPICURIIPRICRERINPROIOIVETIIEOETGRQOEROGIOOCPOPES

THIS SUBROUTINE CALCULATES THE INTERIOR MESH POINTS

(A4 AR AR AR EAERE R R R R R E R R Y N Y R E R AR R R RN X )

CALL ,MCT

IP=1

ATERM=0.0

MIS=1

IF (NGCB.NE.O) MIS=2
MIFaM1 .

IF (ICHAR.NE. 1) GO TO 200

COMPUTE THE TENTATIVE SOLUTION AT T+DT

IF (IVC.€0Q.0) GO TO 1O

IF (NVC.£Q.1) GO TOQ 10

MIS=MVCB

MIFzMVCT+1

IF (MVCE.€0.1.AND.NGCE.NE.OQ) MIS=2
IF (MIF.GE.MMAX) MIF=M{

BEGIN THE L OR X DO LOOP

10 D0 190 L=2.L1
LMAP=L
LOFS=0
If (L.GE.LDFSS.AND.L.LE.LDFSF) LDFS=t

BEGIN THE M OR Y DO tOOP

DO 180 M=M:S MIF
IF (IVC.€Q.0) GO Y0 20
1F (NVC.NE.1) GO TO 20
IF (M_LE.MVCB.AND.MVCB.NE.1) GO TO 20
IF (M.GT.MVCT) GO 10 20
GO TO 180
2C IF {M_EQ.MDFS_AND.LDFS.EQ.1) GO TO 180
MMAP 2 M
CALL MAP
OM=0M 1
AL=2!L 3
BE:=BE3J
DE=DE3
UB=U(L M N1)
VB=v(L ,M_N1)
PB=P(L M N1)
ROB=RO(L M _N1t)
ROR=1.0/R0B
ASBE=GAMPtA «PBROR
0B=ClL M N1)
E3=E(L .M, NY)
17 'M_NT.1) GO TO 60

CALCULATE THE QUANTITIES FOR M=1

DUDX=(UR-U(L-1 .M _N1))*DXR
DPOX=(PB-P(L-1 ,M N1))+DXR
DRCCX=(ROB-RO(L-1,M_N1))+DXR
UVDY=(4.0*V(L,2,N1)-V(L,3.N1))+=0.5+DYR
IF {1TM.LF.1) GO TO 30
00DXz(QB-Q(L-1 , M _N1))*DXR
DEDX=(EB-E(L-1,M,N1))*DAR

30 VIL.U,N3)=0.0
URi4S= -UB *OM*LUDX - OM>DPDX +ROR+QUT (L , M)
RORMS=-UB*OM+DRODX-RQIB*OM+*DUDX-FLOAT( 1+NOIM) »ROB+BE *DVDY+CROT(L . M)
PRHS=-UB*OM¢CPDX+ASS* (RORHS+LUBOM+DRODX)+QPT (L M)
IF (ITM.LE.Y) GO TC 17¢
IF (U8.GE.0.0) GO 10 <40
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40

€9

70

80

S0

DQOX=(Q(L+$,M N1)-UB)*DXR
OEDX=(E(L+1 ,M N1)-EB) OXR

OM=0M2

GRAS = ~U3+0M+DIDX+QAT(L . ™)

Q(L.M _N3)=QB+GRHSDT

1F (Q(L.M,N3).LT.QLOW) Q(L,™ ,N3):=QLOW
IfF (ITM.EQ.2) GO TO 170

ERHS = -UB*OMeDEDX+GZT(L M)
E(L,M,N3}=EB+ERHS*DT

If (MOFS.NE.O.AND.LDFS.EQ.0) GO TO 50

IF (Q(L,M N3).LT.BFST*FSQ(M)) Q(L,M,N3)=BFST*FSQ(M}
IF (E(L.M,N3).LT.BFSTeFSE(M)) E(L .M ,N3)=BFST+FSE(M)

IF (E(L,M /N3).GT.ELGW) GO 10 170
Q(L.M,N3)=qQLCW

E(L.M ,N3)=ELOW

GO TO 170

CALCULATE THF QUANTITIES FOR M NOT EQUAL TO {

tF (IVC.EQ.0) GO TO 70
IF (NVC.EQ.1.0R.M.NE.MVCT+1) GO 10O 70

LINEAR INTERPOLATION IN TIME FOR M=MVCT+1

UB=UU1T(L)+RIND (UU2(L)-UUI(L))
vBaVVI(L)*RINDe(VV2(L)-VVI(L))
PBPPI(L)+RINO+*{PP2(L)-PP1(L))
ROB=RORO (L )+RIND*{ROROZ(L)-RORII(L))
ROR=1.0/R0B

ASB=GAMMASPB+ROR
ULM=UU1(L-1)+RIND=(UU2(L-1)-UUI(L-1))
VLM=VVI(L-1)4RINDe(VV2(L-1)-VVI(L~1})
PLM=PP 1(L-1)+RINDe(PP2(L-1)-PPI(L-1))
ROLM=RORO1(L-1)+RIND*(RORO2(L~1)-ROKO1(L-1))
If (ITM.LE. 1) GO TO 80
C3=QUI(L)+RIND*{0QQ2(L)-QQ1(L))
EBEE1(L)+RIND*(EE2(L)-CE1{L))
QLM=QQt(L-1)+RIND«(QQ2(L-1)-QQ1(L-1))
ELMsEE1(L-1)+RIND*(EE2(L-1)-EET(L-1))
GO TO 80

ULM=U(L-1,M N1)
VLM=V(L-1,M ,N1)
PLM=P(L-1 M N1}
ROLM=RO(L-1 ,M N1)
QLM=Q{L-1.M N1)
ELM=E(L-1,M N1)

IF (M.NE.MDFS.OR.L.NE.LDFSF+1) GG TO 80
ULN=0.5*(ULM+UL(L-1 ,N1))
VEM=0.5¢{VLM+VL(L-1,N1)}
FLM=0.5«(PLM+PL(L-1,Ni)})
ROLM=0.5+(ROLM+ROL(L-1,N1))

IF (ITM_LE.1) GG 10 BD
OLM=0.5+¢{QLM+QL(L-1,Nt))
EiM=0.5+(R M+EL(L-1,NY))
UVB=UB+AL+VB*RE+DE

IF (NUIM.NE_ Q) ATERM=ROB+VB/YD
DUDX = (UB-ULM)+DXR
DVDX=(VB-VLM}+*DXR
DPDX=(PB-PLM)*DXR
DRCDX={ROB-ROLM)*CXR

IF (ITM.LE. 1) GO TC 90
DQNX=(NB-QLM) *DXR
DEDX={ES-ELM)*DXP

IF {IVC.EG.0) GO TO 110

IF (NVC.EQ.1.0R.M.NE_MVCB) GO TO t10

LINEAR INTERPOLATION IN TIMZ FOR M=MVCB

UMMzU(L M- 1 NN1)+RIND«(U(L.M-1 NN3)-U(L.M-1,NNY))
VMM=V(L.M-1 NN1)+RIND Y (V(L,M-1 NNI}-V(L.M-1 _NI1)})
CPMM=P (L M-1 NN1)+RIND(F (L M-1 NN3)-P(L.M-1_NNT))
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110
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140

ROMM=RO(L M- 1 ,NN1)+RIND*(RO(L ,.M-1 ,NN3)-RO(L,.M-1 ,NN1))
IF (ITM.LE.1} GO TO 100 -

QMM=Q(L M- 1 NN1)+RIND+(C(L ,M-1,NN3J)-0O(L, M-‘ JNN1))
EMM=E(L M-t NN1)+RIND*(E(L M- 1,NN3)-E(L ,M-1,NNY))

DUDY={(UB-UMM) *DYR
DVDY=(VB~VMM)*DYR
DPDY=(PB-PMM)+DYR
DRODY=(ROB-ROMM) *DYR

IF (ITM.LE.1) GO TO 120
DQDY=(0B-QMM) *DYR
DEDY=(EB-EMM) *DYR

GO TO 120
DUDY=(UB-U(L ,M-1 ,N1))*DYR
DVDY=>(VB-V(L M- ,N1)})*DYR
DPOY=(PB-P(L,M-1,N1))*DYR
DRODY=(ROB-RO(L,M-1t N1))*DYR
IF (ITM.LE.¢) GO TO 120
0QDY=(0B-G(L.M-1 ,Nt))+DYR
DEDY=(EB-E(L . M-1,N1))*DVR

SPECIAL FCRH OF THE EQUATIGNS USED BY THE QUICK SOLVER

IF (I0SD.EQ.O.OR.NVC.EQ.1) GO TO 130

IF (M._EQ.MVCB.OR.M.GE._MVCT) GO TO 130

ALS=SCRT({AL*AL+BE*BE)

RALS=1.0/ALS

AB=SQRT(ASB)

ABR=AL/BE

UVEP=UVB+AL_S*AB

UVBM=UVB-ALS*AR
U5L=-UVB*DUDY+ABR*YVE+DVOY -UB+OM* (DUNX-ABR *DVDX ) -OM=DPDX*ROR+QUT L
1 ,M)-ABRQVT(L M)

PMLP=-UB+OM*DPDX-RCB*ASB*OM+DUDX -ASB*ATERM-ROB*AR*OM+RALS* (AL *(UB
1 *¢DUDX4CPDX+*ROR)I+BE*UB*DVDX)40PT(L . M)+ASB+QROT(L ,M)+ROB*AB*RALS
2 (AL*QUT{L,M)+BEsQVT(L ,M))

PM_M=-UE*OM+DPDX -RCB*ASB*CM+DUDX-ASB*ATERM+ROB*AB+*OM*RALS* (AL *(UB
1 +DUDX$DPDX+ROR}+BE-UB+DVDX)}+QPT(L.M)I+ASB+OROT(L . M) -ROB+AB*RALS
2 (ALQUT(L M)+BE+QVT(L M})

PMLP i=-UVBP*DFDYQS(L .M, 1)-ROB*AB*RALS*UVBP* (AL*DUDYGCS(L .M, 1)+8BE

1 *DVOYQS(L.M, 1) )+PHMLP
PMLM1=-UVBM+sDPDYQS(L,M,2)+ROE*AB*RALS*JVBM* {AL*DUDYQS(L M, 2)+BE

1 +DVDYQS(L .M, 2))+PMLM
VRHS=-(2.0¢ROB*AB*AL*RALS<USL+OMLMI-PMLP1)/(2.0°ROB*AB*ALS/BE)
PRHS=0. 5« (FMLP 1PALMT)

URHS =ABR * VRHS +USL

RORMS = -UB+OM-CRODX -UVB *DRCOY + (PRHS+UB *OMe DPDX+UVB+DPDY -GPT(L . M) )
1 /ASE

GO 10 140

REGULAR FORM OF. THE EQUATIONS

URHS = -UB+OM+DUDX -UVB *DUDY - (OM+DFDX+AL *DFDY } s ROR+QU I (L , M)
VRHS = -UBR*GMeDVDOX-UVR*LVNY -BE+DPDY «ROR+QVT(L . M)

ROCHS = -US+CMsDFODX -UVB*CRCIY-RNOB* (OMeDUDA+AL «DUDY+BE *DVDY ) -ATERM
1 +ORAT(L . .M)
PRHS=-UB*0OM+DPDX-UVS +DPLY+ASE « (RORHS+UB+0OM+DRODK+UVE *DRODY )+0PT (L
1 M)

V(L,.M,N3)=VB+VRHS*DT
IF (ITM.LE.t) GO TO 170

IF (UB.GE.OQ.O} GC TO 150
DQOX={Q(L+1,M _N1;-0QB)*DXR
DEDX=(E{L+1 M ,N1)-EB)+*DXR

CM=0M2
QRHS=-UB*OM+DCDX-UVB*DQDY +QQT(L . M)

Q(L .M, N3)=QB+QRHSOT

IF (QfL.M,N3).LT.QLOW) Q(L.4,N3)=QLOW
IF (ITM_EQ.2) GC TO 170
ERHS=-UB*OMeDEDX-UVB*DEDY+QET(L . M)}
E(L,M,N3)=EB+ERHS*DT

1F {MOFS.NE.O.ANC.LDFS.E2.0) GG TO 160
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160

170

180
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200
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220

IF (Q(L,M,N3).LT.BFST*FSQ(M)} Q(L .M N3I)}=BFSTFS0(M)
1F (E(L,M N3).LT.3FSTeFSE(M)) E(L,M ,N3)=BFST*FSE(M)
IF (E(L,M,NJ).GT.ELOW) CO TO 170

Q(L M N3)=QLOW

E(L.M NJ)=ELOW

U(L.’ N3)=UB!URHS*DT

P(L,M ,N3)=PB+PRHS*DT

RO(L .M, N3)=ROB+RORHS DT

IF (P{L.M_N3).LE.0.0) P{L,M ,N3)=PLOW*PC

IF (RO(L,HM N3}.LE.O.0) RO(L,M,N3)=ROLOW/G

CONTINUE

CONTINUE

RETURN

CUMPUTE THE FINAL SOLUTION AT 7+DT

IF (1YC.EQ.0) GO 70 210

IF (NVC.EG.1) GO TO 210

MIS=MVCE

MIF=MICT

IF (¥v7C.EQ.1.AND.NGCB.NE.O) MIS=2
IF (MIF.EQ.MMAX) MIF=M1

BEGIN THE L OR X DO LOGP

DO 39C L=2,tL1

LMAP =L

LDFS=0

IF (L.GE.LDFSS.AND.L.LE.LOFSF) LDFS=1
voLD=u(L, 1,N3)

voLG=v(L, t,N3)

POLD=P(L, 1,N3)

BEGIN THE M OR Y DO LOOP

DO 380 M=MIS MIF

1¥ {1VC.EQ.D0) GO TO 220
IF (NVC.NE. 1) GO TO 220
IF (M.LT.MVCB) GO TO 220
1F (M.GT_.MVCT) GO TOD 220
GO TC 380

IF (M_EQ.MDFS.AND.LOFS.EQ.1) GO TO 380
MMAP =M

CALL map

oOM=0M2

AL=ALA

BE=BE4

DE=DES

BED=BER

UB=U(L.M ,N3)

vB8=V(L.M ,N3)

PB=P{L,M ,N3)
ROB=RO{L .M, ,N3)
ROR=1.0/R0B

ASB=GAMMA «PB«ROR
0B=Q(L M .N3)
EB=E(L.M.N3)

1F (M_NE. 1) GO T0 260

CALCULATE THE QUANTITIES FOR M=1

DUDX={U(L+1 ,M N2)-UB)*DXR
DPOX={P(L+1,M .N3)-PB)-DxR
DRODX=(RO(L+1,M,N3)-ROB)*DXR
DVOY=(4.0*V(L,2,N3)-V{L . 3,N3))*0.5°DYR

1F (ITM.LE.t) GT O 230

DODX=(Q(L+1 .M. %0, OB)*DXR

DEOX={Z(L+1 M _N3)-EB)*DXR

V(L.M N3)=0.0

URHS=-UB*0OM<DUL X-CM=DPDX *20R+QUT(L M)
RORHS=-UB*OM*DRCOX-ROB«CM+sDUDX -FLOAT( *+NDIM}«ROB+BE*DVOY+QRCT(L M)
PRHS=-UB*OM*DPLX+ASB s (RORHMS+UBSCMDRCOX)4CATIL M)



5608 IF (ITM.LE.1) GO T0 370

5609 I[F (U(L,M.N1).LT.0.0) GO TO 240
5610 DQOX3(Q8-Q(L-1,M,N3))+DXR

5611 DEDX=(EB-E{L-1,M ,N3))eDXR

5612 OM=0M1

$613 240 QRHS=-UB*QOM«DQDX+QOT(L M) -

5614 Q(L,M,N3)=0.5+(Q(L .M. N1)+Q(L M ,NI}+QRHS*DT)
5615 IF (O(L.M,N3).LT.QLOW) Q(L,M N3)=0LOW

5516 IfF (I1TM.€0.2) GO 10 370

5617 ERHS=-UB*OM*DEDX+QET(L M)

5618 E(L,M N3)=0.S*(E(L. M, N1)+E(L M ,NI)+ERHS*DT)
5619 IF (MDFS.NE.O.AND.LDFS.EQ.0) GO TO 250
5620 IF (Q(L.M.N3) . LT.BFST+FSQ{M)) Q(L .M., N3)-BFST+FSQ(M)
5621 1F (E(L.M,N2).LY.BFSTeFSE(M)) E(I.,M,N3)=BFST+FSE(M)
3622 250 IF (E«L,M,N3).GT.ELOW) GO TO 370

€623 O{L,M,N3)=GiLOW

5624 C(L,M,N3)-ELOW

5625 GO TO 370

5626 C

5627 C CALCULATE THE QUANTITIES FOR M NOT EQUAL TO
5628 C

5629 260 If {NDIM.NE.O) ATERM:=ROB*VB/YP

5630 ULP=U(L+1,M ,N3)

5631 T OVLPEVIL+ 1 M N3T)

5632 FLP=P(L+1,M N3)

5633 ROLP:RO(L+1 M ,N3)

5634 ULM=Q(1L -1,M ,N3)

5635 ELM=E(L-1,M N3J)

5636 IF (M.NE.MOFS.OR L.NE.LDFSS-1) GO T0 270
5637 ULP=0.5¢(ULP+UL(L*1 ,N3))

5638 VLP=0.5+(VLP+VL(L+1.N3)})

5639 PLP=0.5' (PLP+PLIL+1,N3))

5540 ROLP=0.%+(ROLP+ROL(L+1 ,N3))

S641 270 IF (M.NLZ.MDFS.OR.L.NE.LDFSF+1) GO TO 280
5542 IF (ITM.LE. 1) GO TO 280

5643 QLM=0.5¢(QLM+QL(L-1,N3))

5644 ELM=0.5¢(ELM+EL(L-1,N3))

5645 280 UVB=UB<+AL+V3+BE+DE

5646 DUDX=(ULP-UB)+DXR

5647 DVDX=(VLP-VB)+DXR

5648 DPDX=(PLP-PB)+GXR

5649 DRODX=(ROLP-ROB)*DXR

5650 IF {(1TM.LE. 1) GO TO 290

5651 DQDX=(QB-QLM)}+DXR

5652 DEOX=(EB-ELM) +DXR

5653 290 DUDY=(U(L,M+1,N3)-UB)sDYR

5654 DVDY=(V(L M+ N3)-VB)-DYR

5655 DPDY=(P(L.M+1,N3)-PB)epYR

5656 DRODY = (RO(L ,M+1,N3)-R0OB)*DYR

5657 IF (ITM.LE.1) GD YO 300

5658 DQOY=(Q(L.M+1,N3)-Q8)*DYR

5659 DEDY=(E(L,M+1,N,)-EB)*DYR

5660 C :
5661 C SPECIAL FORM OF THE EQUATIONS USED BY YHE CQUICK SOLVER
5662 C

5683 370 IF (IQSD.EQ.C.OR.NVC.EQ.t) GO TO 320

5664 1+ (M.EQ.MVCE.OR.M.EQ.MVCT) GO TO 320

5665 ALS=SCRT{ALAL+BE*BZ)

S36€ RALS=1.0/ALS

S667 AB=SQRT(ASB)

5668 ABR=AL/BE

5669 UVEP=UVS+ALS~AB

5670 UVEBM=UVB-ALS+AB

5671 BER=BED/BE

5672 DUDY 1=(UB-LOLD ) *DYR+BER

5673 DVDY 1=(VB-VOLD ) «DYR-BER

5674 DPDY 1=(©B-POLD ) *DYR-EER

5675 IF (MDFS.EQ.0) GO TO 310

5676 IF (M_NE.MDFS:1.0R.LOFS EQ.O) GO TG 310
5677 CUDY 1={US-UL(L,N3)}+*DrRBER

S678 OVDY1=(vB-VL(L . N3 )}+DYR*BER

S679 DPCY1=(PB-FL{L ,N3))*DYR*BER
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310

320

33C

340

350

360

370

38C
330

USL=-UVB*DUDY+ABR*UVB*DVOY -UB*OM+ (DUDX -A2ReDVDX ) -OM*DPDX *ROR+QUT (L
1 ,M)-A8ReQVT(L . M)

PMLP=-UB*OM*DPDX-RCB*A3B*OM*DUDX -ASB+ATERM-ROB*AB*OMsRALS* (AL *(UB
1 *DUDX+OPDX*ROR )+BEUB*DVDX)+QPT(L,M)+ASB*QROT(L,N)+ROB-AB*RALS
2 (AL*QUT(L,M)+BE*QVT(L.M)) -
PMLM=-US+OM+DPDX-ROB*ASB*OM*DUDX-ASB*ATERMIROB*AB<OMeRALS* (AL «(LiB
1 *DUDX+DPOX*ROR)+BE*UB*DVUX)+QPT(L,M)+ASB*QROT(L ,M)-ROB+AB*RALS
2 (ALeQUT(L ,M)+BE*QVT(L,M))

PMLP 1=-UVBP¢DPDY 1 -ROB+AB*RALS*UVBP v (AL +DUDY 1+BE+DVDY 1) +PML?

PMLM 1= -UVBM*DPDY+ROB+AB+*RALS*UVBM+ (AL sDUDY+BE +DVDY } +PMLM

VRHS=-(2.0°R0OB*AB*AL*RALS*USL+PMLM1-PNLP1)/(2.0vROB*AB*ALS/BE)

PRHS=0.5¢(PMLP 1+PMLMY)

URHS=ABR*VRHS+USL .
RORHS=-UB*OM*DRODX-UVB ¢DROUY ¢ (PRi {S+UB *OM+DPCX +UVBDPDY -QPT(L M) )
1 /ASB
GO T0 330

REGULAR FORM OF THE EQUATIONS

URHS = -UB+0M+DUDX -UVB*DUDY - (OM+DPDX+AL*DPDY ) *ROR+QUT(L , M)
VRHS=-UB*CM+*DVDX-UVB*DVDY -BE*DPDY *ROR+QVT(L M)
RORHS=-UB*OM*DRODX -UVB *DRODY -ROS * { OM«DUDX +AL *DUDY+BE >DVDY ) -ATERM
1 4QROT(L.M)

PRHS = -UB+OM+DPDX -UVB+DPDY+ASB*(RORHS+UB *OM+DRODX +UVB8+DRODY ) +QPT( L
1 M)

IF {12SD.EQ.0.OR.NVC.EQ.1) GO TO 340
UOLD=U(L .M, N3)

VOLD=V(L .M N3)

POLOD=P(L .M N3)
VIL,M,N3)=0.5(V(L.,M,N1)+V(L.M _N3)+VRHS+DT)
IF (ITM.LE. 1) GO T0 370

IF (U(L,M N1).GE.O.0) GO TO 350
DQDOX=(Q(L+1,M N3)-QR)*DxXR
DEDX=(E(L+1 ,M ,N3)-EB)*DXR

OM=0M1

QRHS = -UB+0OM+DQOX -UVB-DQDY +QQT(L M)
Q(L.M.N3)=0.5¢(Q{L M Nt)+Q(L.M N3)+QRHS*DT}
1F (Q(L.M . N3).LT.QLOW) Q(L M, N3}=QLOW

IF (1TM.€Q.2) GO T0O 370
ERHS--UBOM*DEDX-UVB*DEDY+OQETI{L M)

E(L, M N3)=0.5<(E(L.M N1)+E(L M _N3)IERHS*DT)
iF (MDFS.NE.Q.AND.LDOFS.EQ.0) GJ 1D 360

IF (Q{L .M _N3).LT.BFST*FSQ(M)} Q(L,M N3)}=BFST*FSO(M)
IF (E(L.M_N3).LT_BFST+FSE(M)) E{L M N3)=BFST<FSE(M)
IF (E(L,M,N3).GT.ELOW) GO TO 370
Q{L,M_N3)=0L0OW

E(L.M,N3)=ELOW

U{L,M,N3)=0 S+(U(L .M . NT)+U(L .M N3)+URHS+*DT)
P(L.M N3)=0 S+(P(L M N1)+P(L M N3)+"RHS5-DT)
RO(L.M . N3)=0.5+(RO(L, U N1}+RO(L M N3I)+RIRHS*DT)
IF (P(L.M_N3).LE.O.0) P(L.M N3 =PLOWPC

I¥ (RO(L,M 3).LE.O0.0) RO(L,M N3I)=ROLOW/G
CONT INUE

CONTINUE

RETURN

END
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SU3ROUTINE WwWALL

PO TN PTITI NI PO IINNIPEITIEILINEPIIGOEIOIILILREOPIOIORIATTS

THIS SUFROUTINE CALCULATES THY BOUNDARY MESH POINTS AT ThE
WALL, FREE-JET BROUNDARY, CENTERE0ODY AND DUAL FLCW SPACE WwWALLS

LAARA AR RN R R A N N N Y P Y N R YR ¥

MCC
1P=1

¥2:0.0

¥20:=0.0

NOSL=NOSLIP

IF (IB.EQ.1.AND.{WALL NE.O) NOSL*O
IF (N.EQ.1.AND . UFLAG.NE.O) DELY=0.0CO1sYW(LJET-1)
XWID=0.0

ATERM2=0.0
ATERM3=0.0

If (IB.EQ.1) GU 10 10
IF (IB.GT.2) GO 10 20
¥3:0.0

MDUM = 1

MOUM1=2

SIGN=-1.0

GO TO 40

¥3:1.0

MOUM=MMAX

MDUM1 =M1

S{GN=21.0

co 10 40

Y3:Y(MOFS)

MOUM=MUF S

if (IB.EQ.4) GO 10O 30
MOUM1=MDFS- 1

SICN=1 O

GO TO 40

MDUM1=MDF S+ 1
SIGN=-1.0
DYS=SIGN*DYR
MMAP = MOUM

BtGIN THE L OR x CJ LOOP

0 700 L=2.L1

LNDFS=0

IF (L.GE.LOFSS.AMD.L LE.LDFSF) LUFS=1
IF (IB.GE.3.AND.LLFS.£Q O) GO TO 7900
LMAP={

CALL MaP

AL=2.3

BE=8t3

DE=DE3

IF (JFLAG.EQ.Q) G 1O 70
IF (IB.NE.1) GO TC 70
XWID=XwWI(L)

IF (ICHAR.EQ.1) GZ 70 30

USE THE DUMMY ARRA-S TO MANIPULATE TwZ ONE-37Dc¢D SOLUTIONS
FOR THE FREE-UET CR SHARP EXPANSION CO3INER CASES

1F (L.NE.LUET-2) G2 TO S0

UL+ MDUM N3)=UD(3)
VL*1 MDUM N3)=VD(2}

P{L+1 MOUM_N3)=PD(3)

RO(L+1,MDUM N3)=RC2(3)

GO T0 7C

IF (L.NE.LJUET-1) G2 10 60

IF (TCHAR.EQ. 1) USLD=U(L ,MC.M N1
UL MOUM Nty =UD (1

VL MIUN N Y EVT
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POL.MDUM N1)-FD( 1)

RO(L ,MDUM, M1} =RCD( 1)

.0 T0 70

IT (L.NE.LJET) GO TG 70
U(L=1t, MCUM H1)=UD(2)
VL=, MOUN NT)rVDI(2)
FOL-1 MOUN N1I=PD(2)
RO(L-9,MDUM Mt )=RCODI(2)

U1-U(L . MDUM N1}
VI1=VIL MOURK N
P1=P{L MDUM Nt}
RO1=RI(L,MDUV %1
u2-u1

v2-v1

A5 -309T(GAMMASDI/ROY)
A2=A1

IF (ICHAR.NE.1) GU TO B8O
u3-=ut

v3=vt

P3Pt

ROy=RCH

A3=A1

G2 T0 99

U3=u(L MDUM N3}
V3=V(L. MOUM N3)
P3<P(L.MDUM N3)
RC3=k0t L MOUM N3)
A3=SURT(GAMMA-P3/RO3)

CALCULATE THE PROPERTY INIERPGLATING POLYNOMIAL

BU={U1-U{L, ,MDUMI N1))eDYS
BY={VIi-Y(L,MDUM! Nt} }eDI(S
BP=(P1-P(L MDUM! N1))eDYS
ERPTG=(RC1-RO(L ,MDUMI N1))+DYS
BOJT=(CQUT(L  MDLM) -GUIT (L MOUMLE) ) +OY S
BAVT={QVT{L ,MDLUM}-QVT(L ,MOUML) )en2VS
BOPTrIQRT (L. MDUM)-QOPT(L MGUM1T) ) DYS
BOROT=(LROT(L . ¥ UM) -QROTI(L ,MDUM1) )*DVS
CU=UI-EUsY3

CV*V1-6vey3

CP=P1-EDey3

CQJ=RC1-ERO+Y3

COUTLUT{L  MOUM)-ERUT Y3

CQUT=YTLL  FDUB) BOvievd
COPT=COT{L , MOUM) £ Tev3
CLIOT="RQTI{L ,MTUM) -FORGT v 3

CALCULATE THE 3055 DERIVATIVE INIERSOLATING IO
COEFFITIENTS

DU- (U gl - ¢ Moad p1 g ) eXR
VIVl -1 MIOM M1 )Y DAR

DP=(P+-D(L -1 ML M 1T) 0P

DRO=("“2:-ROIL - MDUM N1 )eOXR

DUT=UFL SouMt ) -UL -1, MOUMY N1 )0

DY =681 MOUME S )-ViL -t MOUMY M} )eDsR

DP =40 0 HMDUMIE ST -P L - 1 M2UMG N -DaR

DRI =4TCHL,MOUMT NTY-RGIL-1 MDUMI N )IvC/sR

Sl T e s

(ST oDt

EUDI-DP Y003

2 2-CRGT DY S

e

it

COTFFICIENTS

TYNGMIALS

-
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UV3=UJ*AL+VIBE +DE

00 130 ItL=1,3

UV2=U2+AL+V2+BE+DE .
¥2:¥3-(UV2+SIGNeALS*A2+UV3+SIGN.ALS*A3)+DT+0.5

IF (1QSD.EQ.Q OR.MVC.EQ.1) GO T0 100

IF (IB.CQ.1.AND.Y2.LT.Y(M1)}) Y2=v(M1)

IF (IB.EQ.2.AND.Y2.GT.Y¥(2)} Vv2=1(2)

If (MDFS.EQ.Q) GO TO 100

1F (I8.EQ.3.AND.Y2.LT.Y(MDFS-1)) Y2=Y(MDFS-1)
IF (IB.EQ.4.ANO.Y2.GT.Y(MDFS+1)) Y2=Y(MOFS+1)

100 {F (IWALL.EQ.0.OR.IB.NE.1) GO TO 110
UVI=UTsAL+VI+BE
Y1=YJ-(UVI+UV3)eDT+0.5

INTERPULATE FCR THE PROPERTIES

Ut=BUY1+¢CU
VI=BVeY14+CY
P1=BPeY 14CP
RO1=BRO*Y 1+CRO

110 U2:8U*Y2+CU
V2:8VeY24CV
P2=BP*Y2+CP
RO2:BRO*Y2+CRO
AD=GAMMA+P2/R02
If (AD.GY.0.C) GO TO 120
NP=N+NSTART
WRITE (6,710) NP,L,MOUM NVC
IERR=1
RETURN

120 A2=SQRT(AD)

130 CCNTINUE
CUT2:=8QUTY2+4CQUT
QVT2:=BQVTeY2+4CQVT
QPT2:=BOPT+Y2+4CAPT
QROT2=BQROT*Y2+CQROT

INTERPGLATE FOR THE CROSS DERIVATIVES

1F (IWALL.ER.O.OR.IB.NE.1)} GO TC 140
DU1=BDU«Y1+CDU
Ov1=8CVeY14CDV
OP1=POPsY 14COP
DRO1=B0RQ*Y 1+4CDRO
GO 70 150

140 Cu1=0J
ovi=DVv
oP1=nNP
ORO$=0RG

150 DU2=6DU- "7+CDU
Ov2=8DVer24C0LYV
DF2=2DP«Y2+CCP
0RO2-B0RO«Y2+CDR0

CAILCULATE THE PSI TERMS
It (NDIM. EQ O) o0 TO 120
If (13 £EQ.2) G2 fO 1650
ATERM2=RC2eV2/(:P-1Y3-¥2)/EE )
G3 70 184

60 (7 (YCEB(L).EC.2.0) GO TO 17C
STERNZ=RO2 VIS IVCRIL)+YD/BE D}
T TT 150

$7C ATEREM2=RC2+BE-.(L.2.N1)-D/8

180 P31212-Ul-CM1eDYI-CMI+DF1/Q01
P3i21=-U1eCMteDVH
F3Id1=-U1eQdl1eDD1sA10A eI +CMEeCI Y
F5112=-U2+CM1e0RYZ-RO2+CM s 1227 ERMD
FoI22=-U2+CMILUZ-0MIDP2/ROZ
PSI22:-U2.0VIeDV2

~1

~
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$13153 PS142=-U2+0M1+DP2+A2¢A2 U2 +OM1+DRD2

5754 C
5955 C CALCULATE THE QUANTITIES FOR THE UICK SOLVER -
5956 C

5957 IF (IQSD.EQ.0.0R.NVC EQ. 1) GO TO 320

5258 ALD=AL

€959 . 8ED*BE

5960 DED:=DE

596 1 oMN=0M2

5962 YPD=1P

5963 ItL1=0

59454 MMC O

8965 00 300 ILL=1,ILL0S

5356 IF (ILLI.NS.0) GO 10O 210

5357 IF (ILL.NE.1) GC TO 190

5968 UVAO=(UVI*SIGN-AL S*A2) DT

5969 Y200=Y3

5970 FY3=-UVAD

5971 Y2:Y(MDUML)

5972 GO 1O 259

%973 190 UVAVG=0.65°((U2+U3)*ALAVG*(V2+VI)*BFAVS)4DTAVG
5974 UVA = {UVAVGISIGNCALSA2 ) o0t

5975 FY2:=¥3-Uva-v2

5976 IF (FY2+FY3 (T 0 O) GO TO 200

5977 HVAO=UVA

%378 Y200=Y2

5979 FY3=FY2

15980 IF (SIGN.LT . O.0) Y2-v{MLUMSILL)

99814 IF (SIGN.GT.0.0) Y2-v(MOUM-ILL)

5982 IT (Y2 . EQ Y(MVCD).OR Y2 . £Q.Y(MVCT)) GO 1O 200
5983 GO 10 250

€984 200 ILLI =1

5385 ¥20=v2

5986 GO TO 240

€987 210 UVAVG=0.S5*{{U2+U3Y*ALAVG(V2+V3)+BEAVG)+DEAVG
5388 UVAT = (UVAVG+SIGN-ALSA2) DT

5339 F02:Y3-UVAT -v2

5990 FY20<Y3 ‘UVA-Y20

5991 IF (FY2+FY20 LT O ¢! GO 10 220

5992 GO TO 230

5523 220 UVAD=UVA

£994 ¥Y200:=v20

5995 23C UYA=JVAT

5396 Y20=v2

5597 240 ¥2=y20+(Y¥20-v200)+(¥3-UVA-Y20)}/(UVA-UVAD+Y20-Y200)
5998 IF (Y2.LT.Y(MVCB)) Y2:=Y(MVCH)

5999 IF (Y2 . GT.Y(MVCT)) Y2:=vY(MVCT;

€6C00 IF (¥20.€C.0.0) GO 10 250

€COt IF (ABS((Y2-Y20)/Y20).LE.CUS) GO 10 3:0

6002 C

6003 250G DO 260 MM=MVYCB , MVCT1

6004 IF (Y2.GE.Y{MM) AND.Y2 LE.Y(MM+1)) GO 10 270

Lle vk 260 CONTINUE
€0Cs 270 RDY=(r2-Vv(MM})+DYR

6007 U2=U(L.MM,Ni)O(U(L,N"~1,N1)-UIL.MM,N'))'QDY
60C8 V2=VlL,MM,Nl)f(V(L.MM*i,Nl)-V(L,MM_N!})~RUV
6CC9 P2=P(L,MH.I‘H)0(P(l..M‘4~l,N‘)'P(L,MM,N!))v:ZDY
6010 R02=RO(L.VH.N1)O(QO(L,MM*1,Nll-RO(L.MN_Nt))uRDV
Qi if (MM_EQ.MMQ) GO TC 28O

5012 MMO=MM

€213 MMAPR = MM

6214 iP=0

£015 CALL MaP

6016 YPMM=YP

€017 MMAP =MM ¢+

6518 1P=1

6013 CALL Map

6020 YPMM1=YP

221 2B YP2=PMM+ (YPMM Y -YPMM ) e QDY

6022 BEAYG=(YZ-Y3)/(YP2-YFD)

5023 AL&YG=AL3*SEAVG/RES

6024 DEAVG=DE3+*BEAVG/BE3
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300

310
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330

360

370

380

390

400

A20*GAMMAP2/R0O2

1f (A20.GT.0.0) GO 10 290

NP=N+NSTART

WRITE (6,710) NP, L, ,MCUM,NVC

T1ERR =

RETURN
ALSA2=SORT(0O.5*(A2D+A3+A3)*(ALAVG*ALAVG+BEAVGeZEAVG) )
CONTINUE

NP :=N+¢NSTART

WRITE (6,720) ILLQS,NP . L MCUM, NVC. ICHAK
IERR=1

RETURN

AL=ALD

BE=BED

DE=DED

0OM2=0MD

YP=YPD

MMAP =MOUM

A2=SORT(A2D)

IF (1CHAR.EQ.1) GO T0 350

CALCULATE THE CROSS DERIVATIVES AT THt SOLUTION POINT

IF (JFLAG EQ.0) GO 10 330

IT (IB.NE.1) GN T0 330

IF (L £EQ 2) GO TO 330

If (L.NE.LJUET-1) GO 10 330

GU 70 340

DU3=(UlL+1 MDUM,N3)-U3)*DXR
DV3='V(L+¢1 ,MOUM N3)-v3)-DrR
OP3=(P(L+1 MOUM N3)-P3)sDxXR
DRO3-~(RO(L+1,MDUM N3)-RO3)+DXR
GO 10 350

OUS=(U3-UlL-1,MDUM NT))-DXR
DV3=(V3-V(L-1 MOUM, %3))eDXF
DP3:=(P3-P(L-1,MDUM _N3))+0UXR
DRO3=(RO3-RO(L -1,MDUM _N3))+DxR

ENTER THE FREE-JEf BOUNDARY ITERATION LOOP

YWI(L)=YW(L)

00 SBO N!=1, 10

IF (ICHAR.EQ.1) GO 10 4350
IF (JFLAG.LE D) GO 10 4190
IF (IB.NE. 1) GO 10 410

IF (L.LT.LJUET) GO TO 410
IF (NJ EG.1) GO 10O 400

If (NJ.GT.2) GO 10 380
(WOLO=YW(L)
POLO=P(L MOUM N3}

IF (P{L,MCUM N3).LT PE(MMAX)) GO TO 370Q
YWlL)=YW{L)+DELY

GO 10 370
Yw{L)=ywltL)-DELY

GO TJ 390

IF (P(L.MOUM N3).EQ.POLD) GT TO 2€0

OYCP=(YWIL)-YWOLD)/{P{L MDUM N3)-POLD)
YWNEW=YW{L)}+DYDP«{PE(NMAR)-FP(L MOUM N:))
YWOLD=YW(L)

POLD=P(L ,MOUM N3)

YW(L)=YWNEW

IF (YW(L).LT . {1.0-DYW)*YWSLD} vYW(L
IF (YW{L) GT.(1.0+0rw)>YWwOLD) vWi{l
NXNY(L)=-(vWIL)-YW({L-1))eDx"
XWI(L)Y={v¥W(L)-YWILL))/OT
IWIO=XWI(L)

CALL MaAP

AL=AL3

BE=8ELD

DE=DE3

ALS-SORT(ALCAL+BE-2F:

Y={1 O-DiWl+r¥ILD
S

1.0+DYWi*vwCLO
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CALCULATE THE PSI TERMS AT THF SOLUTINN POINT

410 IF (NDIM EG.O) GO TU 440
IF (1B.€E0.2) GO 10 420
ATERMAROI VI /YD
G0 10 440

420 IF (YCB(L).€0.0.0) GO 10 430
ATERM3-RO3-vA/YCBIL )
GO 10 440

430 ATERMI=RO3+BE*V(L,2,N3)*DYR

440 PSI13=-UJ*0M2¢DRG3-ROINOMI DI -ATFRMT
PS1237-1)3¢GM2+DUT-0M2+(11"3/ROT
PSI33=-UJeM2°0V2
PS143:-U3UMZUP3+A 3 A3+U3*0MI *[HRU3

450 ARR-Nay (L)
IF (1L EQ.2) ARR-NrMrLUL)
1F CIR B 3) ARR NNt (L)
17 (18 Fg 4) ABR NsN(U(L)
AlLB-AL/ALS
BEB-Bf /ALS
AIC=(A1¢A3)+0.9
A2B-(A24A3)*0.5
PO2B-(RO2¢RO3 )0 S
IF (ICHAR.EO.1} GO TC .60
PSI21B={PSI21+PS123)}:0.5+0QUT(L,MOUM)
PSITiB8=(PSI31¢PSI3T)0.H+QVI(L ,MDUM)
PS1418=2(PSI41+PSI43}0.5QP (L MCUM)
PSI12B=(PSI12+PSI13+QOROT(L,MDUM)+(JROT2) 0.5
PSI1228B+(PSI22+4PSI23+40UT(L,MUUM)+CUT2Z) 0 S
PSIJI2B{PSI32¢PSI3I+QVI(L . MOUM)+VT2) 0.5
PST428«(PSI142¢PST43+UPT(L ,MDUM)4QPT2) 0.5
GO TC 470

460 PSI21B=PSI21+GUT(L,MDUM)
PSIF18:=PSI314GVT(L,MOUM)
PSI41B=PSI41¢QPT(L MDUM)
PSI128=PS112+QROT2
PS1228=FS1224QUT2
PS132B-PS132¢0VI2
PS142B:PS1424QPT2 :

470 IF {IWALL.EQ.C.OR.IB.NE.1) GO 10 520

SOLVE THE COMPATIBILITY EQUATIONS FOR A CONSTANT PRESSURE
INFLOW - QUTFLOW BOUNDARY

ROAA2=3IGN*RO2B*A2E-ALB

ROAB2=SIGN*RN2B+<A2B+BES .
PS12T=(P5S142B-QPT2+A2E8+A2B+(PSI12B8-QROT2)+RCAA2°PS122B4R0OAB2

1 *PS132B)°DT

P(L,MOUM N3 )=PE(MMAX)

IF (IWALLO.NE.O) P(L,MDUM _N3)=2.0-P(L MDUM1 MN3)-P(L,MDUMI -1 N3)
1f (ALW.EQ.0.0) GO TO 480

“(L.MCUM N3 )=(ALWsPE(MMAX)+P2+P (L ,MUUM N1)}+ROAB2({V2-V{(L MDUM N1))

1 +RJAA2+(U2-U(L . MDUM N1))+DPS12T)/(2.0+AL W}

480 IF (P(L,MDUM N3).LE.0.0) P(L . HMDUM,N3)=PLOW*PC
1F (v1.GE.Y3.AND.1WALLO.FQ.0) GO TU 510
RO(L,MOUM,N3)=RO1+(P{L,MDUM N3)-P1-(PS141B-QPT(L,NDUM]})+DT)/(A1E
i sA1B)+QROT(L,MOUM) DT
1F (RO(L.MCUM,N3).LE.O.0) RO(L,MDUM,N3)=ROLOW/G
PSI1T={PSI216-ABR+PS1318):0T
IF (ABR.EW.0.0) GC TO 490
ABRT=ABR+1.0/A8R
V(L ,MDUM ,N3)=(ABR-vI+V2/ABR*U2-UL1-PSI1T+{P2-P(L ,MDUM N3}+PSI2T)
1 /ROAA2)/ABRT
GO T0 SO0

490 V(L ,MDUM N3)=V2+(P2-P(L ,MDUM N3}+PSI2T})/(RC2B*42B)

€00 U(L,MDUM N3)=U1+ABR*(V{L MOUM ,N3)-V1)+P311T
Gd TO 7C0

510 ND=N1t
IF (fCHAR.EQ.2) ND=N3
RO(L . MOUM,N3)=0.1+20( 1 ,MDUM, ND;+D.9+RDtL MDUM. N1}
U(L,MOUM,N3)=0. 1«U(1,MDUM, ND}+0.9+U(L ,MOUM,N1)
V(L ,MDUM,N3)=V2+(-P(L ,MDUM ,N3)*P2-RUAAZ+(U(L ,MOUM N3)-U2}+PSilT)
1 /ROAB2
GO 1D 700
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530

570

580

590

SOLVE THE COMSATIBILITY EQUA; JONS FOR A SOLID BOUNDARY

U(L.HDUM,N3)*(U1-ABR-!VI-xulD)'(PSI228-ABR~PSI?18)-DT)/(1.00ABR
1 *ABR)

V(L.VDUM.N3)=‘U(L.NDh".NJ)'tBROXNXO

1T (MNOSL.EQ.O) GO 10 %30

UL .MDUM N3):=0.0

VIL MDUM . NT):0 O

PSI1228-PS1228-9urTZ

PSI328-PS1328-yvr2
P(L.HOUM_NJ)'V7-SIGN'FO?BOA?R'(ALRO(U(L.MDUM.NJ)-U))‘Btﬂv(VlL.MDUM
1 .N3) V:))‘(PSIGZEOA?E-A?B-PSI1?BOSIGN°PO?B'A7B'(ALH'DS!228*B£B
2 *PSI328)) 01!

IF (PLL.MDUM KN3) tF 0 0) PLI MDUM N3 ) -PLOW-PC
PO(L.HDUM.N3)'001OID(1_MDUM,NJ)'V"P§1418°OY)/(A18'A1R)

IF (RO(L.MDUM MY LE.0.0) ROCL . MuM N3 ) =ROLOW/G

17 (IB.£0Q.2) G0 10 %40

IF (IB F) 3) GO 10 S50

¥ (IB.E0Q.4) G3 TO S60

IF (1w(1).L1.0.0) GO 10 w70

IF (UFLAG.EQ. 1 AND L.GE LUET) GO 10 570

PUL.MOUM N3) -RMIL ,MDUM N3 ) eRGeTWIL )

G2 19 570

IF {7CB(1).LT.0 0O) GO 10 570
P(L.MDUM,N3)=GO$L.“OUM.N3)'RG~TCﬁ(L)

GO 70 570

IF (TL(¢)Y. LT 0 0) GO 9 570

P(l_MDUM,Naj-nafL.Mnun,wa)-ncalL(t)

GO0 10 570

IF (Tul1).L7T 09} G 10 570

PIL.¥MOUM N3 )=RO(L ,MDUM N3)eRGsTU(L )

TEST TOR CONVERGENCE OF THE FREE-JFT RUOUMDARY s

IF (UFLAG EQ.0) GO 10 700

IF (IB.NE.1) GO 10 700

I¥ {(L.LY . LJYET-1) GO 10 700

IF (L.EQ.LUET-1) GO T0 s9n

I7 (ICHAR E9. 1) GO TO 700

IF (JFLAG.EQ.-1 . AND.L.NE.LJET) GS 10 700
IF (JFLAG.EQ.-Y ANG.L.E2.LJET) GO 10 690
DELP:ABS((P(L.VDUM.N3)~PE(MMAX))/?E(MMAK))
IF (DELP.LE.O. OG1. AND . L.NE.LJET) G3 1O 700
IF (DELP.LE.O.COt.AND.L E0.LJET) GG TO 690
CONTINUE

IF (L EQ.LJET) Go 10O 63n

GO 10 700

SOLVE FOR THE COWNSTREAM SIDE OF THF WAL EXIT POINT FOR
EITHER THE SHAZD EXPANSION CORMER €ASE UNDFR -FXPANDED
FREE-VET CASE CR UVER-EfPANDED FREE -JET CASE

UD(3):u(L . MOUM K2)
VO(3}-v(L MOUM 47)

FO(3)=F (L MDUM N2)

ROD(3)=RO(1. ,MDLM N3J)

PO(4)-FE(MMAX)
7H1=SQDY(:UD(J)-uD(?)»VD(Ji-VD(3)):(GAMMA'PD(B)/ROD(J)))
DUMD=1 O+GAMD s xu1exmy

TO=POI3)/(RCO(3)RG)

TI1D=TD+DUMD

PTD=PD(3) QUMD +GAM

SHARFP EXPANSIC' CORNEZR CaSE

PP (UFLAG.NE.-1) GO TU €30
B=SQRT(GAM3)

CCt=xM1+XM1-1.0

IF (CC1.LT1.0.C) CC1=0.0
PMA1=E-AIAN(SOR‘(CCI/(S-S)))-ATAN(SOQY(CC!))
PHA:ATANI-NxNv(LuEt))-A:AN(-NXNVlLuET~1))

181
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6243
6244
6245
6246
6247
5248
6249
6290
6251
6252
6243
6254
6255
6256
6257
6258
6259
626G
6261
6262
6263
€264
6265
6266
6267
6268
6269
€270
6271
6272
6273
6274
6275
€276
6277
€278
279
6280
6281
6282
€283
6284
6283
5286
6287
6288
6289
6290
€291
€292
6293
204
6295
€26
6397
€238
€299
6370
€301
8392
6323
6304
€305
6306
6307
308
6309
8310
€311
5312
6313
€34

(e NeXe]

aoon

oo o

PMAD =PMA +PRA
XM2=2 . 0sxM1
00 610 I=1,10
ClaxM2eXM2-1.0
PMAT 2B*ATAN{SORI(CI/(B*B)))-ATAN(SNART(C:))
1F (ABS((FPMAL-PMAD)/PMAD) .LE.C.0001) GO TO 620
IF (1.NE.Y) GO TU 600
XMO = XM2
XH2:0.92xM2
PMAD=PMA;
GJ 10 610
600 DMDA = (XM2-XMU)/{(PMA] -PMAC)
XMQ = XM2
X¥23XM2+0OMDA« (PMAD-PMAT)
PMAQsPMA ]
610 CONTINUE
620 DUMD =1 . 0*GAM2 ¢ XM2 + XN2
TN=TTD/DUMD
PD(4)=2PTO/DUMD *» ¢ GAM
ROD(4)=PD(4)/{(RG*TD)
GO 10 660

UNDER -EXPANDED FREE -UET CASE

650 Ir (PE(MMAX).GY . PD(3).AND.XM1.GE.1.0) GO 10 640
ROD(4)=ROD(3}*(PE(MMAX)/PD{3))se(1.0/Ch¥MA)
GO TO 650

OVER-EXPANDED FREE-JET CASE

640 PRU=PE(MMAX)}/PD(3)
ROD(4)=R0O0(3)+(GAM3+PRD*1.0)/(PRD+GAM3)
650 TE=PE(MMAX)/(ROD(Z)+*RG)
XM2:2SQRT({(TID/TE-1.0}/6AM2)
660 SS=SQRT(GAMMA+2D(4)/R0D(4))
VMAG=XM2eSS
UD(4)=VMAG/SQRT( 1. OrNXNY{LJET JoNXNY(LJET))
VD(4d)=-UD(4)eNXNY(LJET?
IF (JFLAG.EQ.-1) GO TO 700
tF (XM1.GE.1.0) GO TO 700

AVERAGE THE 1-SIDED MACH NOS FGR THE INTFRIOR POINT CALCULATIONS
IT THE UPSTREAM FLOW IS SUBSONIC - FREE-JET CASE

XMB=(XM1+xXM2)/2.0
IF (XMB.GE.1.0) GO TC 670
CPL=t.0
DPR=1.0
Gl TO €80
670 DPL=XM2-1.0
CPR=1.0-XM1
XMB=1.0
€80 OPLR=DPR+CPL
CUM= 1. 0+GAM2 ¢ XM3 * X N2
TEMP=TTD, DUM
F(L,MDUM NJ)=PTD/DUM**G2M1
RO(L ,MOUM N3 )=P(L ,MDUM N3)/(RG*TEMP)
AS=GAMMA «P (L MDUM N3}/RS(L,MDUM N3V
QA=XMB*SQRT(AS)
DNXNY = (OPReNXNY(LJET)+DPLeNXNY L)) /OPLR
U(L  MDUM N3 =QA/SCRT(1.0+ONXNY *CNXNY )
V(L MCUM N3)=-UlL MOUM N3} +DNXN1Y
GO TO 700
620 LO(t)=UC(3)
vD(1)=vD(3)
PD(1)=PDI(3)
RCO{ 1)=ROD(3)
uo(2)=ud{4)
vD(2)=vD{4)
FO(2)=PD(4)
RSD(2)=R0C(4)
700 CCNTIMNUE
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€319
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6321
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6329
6330
6331
6332
4333

o000

720 FCRMAT (1HO,64Hes ¢ e
t CONVERGE IN 12,1714 ITERATICNS AT N=,16,4H,
2VC= 13, 1H,  /7X [ 1OHAND [CHAQ: 11 6H veces)

If (JFLAG.EQ.O) RETURN

IF (18.GE.2) RETURM

1f (ICHAR . EQ. 1) RETURN
U{LUET -1 MMAX N1)=UOLD

IF (JUFLAG.EN.-1) RETURN
YWI(LMAX)=yw(LMAX)
YW{LMAX )22 OeYW(L1)-YW(L2)

NXNY (LMAX)=- (YW(LMAX)-YW(L "))*DXR
XWI(LMAX)=(YW(LMAX)}-YWI(LMAX))/DT
RETURN

FORMAT STATEMENTS

710 FORMAT (1HO,61iHesees A NIGATIVE SQUARE RODT OCCURED IN SUBRCUTINE

IWALL AT N-_16,4H  L=_12,4r, M=z 12 10H, AND NVC: 13,614 eceee)

ENC

L-.12,4H,

M=

THE CHARACTERISTIC SOLUTION IN WALL FAILED TO
LI2,.6H,

~



6334 SUBROUTINc INLET

6335 C
©336 C 1L EEIIITLIEEII S I 2030088300000t 0EPIN0OINIEIPIERIIBIOBTTLTS
6337 C

6338 C THIS SUBROUTINE CALCULATES THE BUUNDARY MESH POIMIS AT THE INLET
6339 C

6340 C @O LB TN 0PI III LI NER0IIN0PIENLCRINNIEtPACCIIeEesenincesbony
6341 C

6342 *CALL ,MCC

6342 1P=1

6344 {MAP =

6345 LD1=2

6346 AJ=X1!

€347 DXP=XP(2)-X3

6348 ATERM2z20Q.0

6349 ATERM3320.0

6350 MIS=t

6351 MIF=MMAX

8352 IF (IB.EQ.3) MIF=MDFS

6353 1F (IB.EQ.4) MIS=MDFS

6354 IF (IvC.£Q.0) GO TO 10

6359 1IF (NVC.EQ.1) GO T2 10

6356 IF (MIS.EQ.1) MiS=MVCB

6357 IF (MIF.EQ.MMAX) MIF=MVCT

6358 IF (ICHAR.EC.1.AND .MIF .NE.MMAX) MIF=MIF+1
6359 C

6360 C BEGIN THE M OR ¥ DO LOQOP

€361 C

6362 10 DO 400 M=M]IS MIF

6363 1F (IVC.EQ.Q) GO 10 20

6354 IF (NVC.NF_.1) G0 TO 20

6369 IF (M.LT.MVCB) GC TO 20

6366 IF (M.GT.MVCT) GO TO 20

6357 IF (ICHAR.NE.1) GO TO 400

6368 IF (M_EQ.MVCB.AND.MVCB.NE.1) GO 10 20
6369 GO 10 400

6370 20 IF (ISUPER.EQ.O) GL TQ 70

6371 iF (ISUPER.EQ.2.AND.1B.£Q.4) GO TO 70
6372 IF (ISUPER.EQ.3.AND.13.£0Q.3) GO TO 70
6373 SM=U( 1, M, Nt)sU{t M 1)/ (GAMMAP( 1 .M N1)/RO(1,M,N1))
6374 IF (SM.LT.1.0.AND.IINLET.EQ.0) GO 10 30
6375 IF (INBC.EQ.O) P(1,M_N3)}=PI(M)ePC
6376 IF (INBC.NE.O) U(1.,M,N3)=UI(M)

6377 uoLD=u( 1 ,M N3)

6378 VOLD=V(1,M,N3)

6379 POLD=P(1,M,N3)

6380 GO TO 400

6381 C

6332 30 IF (INBC.NE.O) GD 10 70

6383 1F (M.EQ.MMAX) GO TO 40

6384 IF (M.EQ.MDFS.2ND.IB.EQ.4) GO TO 50
6385 1F (M.EG.MUFS.AND.IB.EQ.3) GO 10 60
6386 IF (M.NE. 1) GC TO 70

6387 IF (NGCB.EQ.QO) GO TO 7C

6388 IF (TCB(1).LT.0.0, GO TO 7C

6389 P(1., M N3}=TCB(1)*RO(1,M ,N3)*RG

6390 GO 70 400

5391 40 IF (TW(1).L7.0.0) GO 7O 70

6292 P(1. M, N3)=TW(1)*RO(t,M ,N3)*RG

€393 GO T3 400

6394 50 F (TU(1).LT.0.0) GO TO 70

6395 P, M, M3)=TU(1)*RO(1,M ,N3)*2G

5396 GO TO 400

6397 60 1F (TL{1).LT.0.0) GO YO 70

6398 Pt .M N3)=TL(1)*RO{1 M _N3)eRG

6399 GO TO 400

6400 C

6401 70 MMAP=M

6402 CALL Map

6403 N BED™2.0+BEI*LE4/(BE3+3E4)

5404 AL34=A13+AL4

6405 IF (AL34.€Q.0.0) AL34=1.0

184



6406
6407
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6410
6411
6412
6413
6414
6415
€416
6417
6418
€419
6420
6421
6122
6423
6424
GazZs
6426
6427
6428
6429
€430
6431
6452
€433
6434
6435
6436
6437
6438
6439
€440
6441
6442
6443
6444
64425
6446
65447
6448
6449
§450
€451
6452
5453
6454
5455
€456
5457
5458
6459
6460
6461
6462
5463
6354
61695
€466
6467
3468
6469
€470
6471
6472
€473
€474
€475
6476
6477
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HDOoo

a

[sNeNeNg]

[eNeX e}

80

90

110

ALD=2.0°AL3*AL4/ALI4

U2=U(1,M N1)
A2=SQRT(GAMMAP( 1 M N1)/RO(1,M N1})
IF (ICHAR.NE.1) GO TO 90

1F (ISUPER.EQ.1) GO TO B8O
u(1,M,N3)=U2

1, M. N3)=V(1 M NI}

A3=A2

CALCULATE THE PROPERTY INTERPOLATING POLYNOMIAL COEFFICIENTS

QUTB=QUT( 1 M)

OPTB=QPT( 1 M)

CROTE=GROT( 1 M)

IF (IVC.€EQ.0) GO 7O 100

If (M.EQ.MMAX) GO 1O 100

IF (MIVC.EQ.1.0R.M.NE _MVCT+1) GO TO 100

LINEAR 'NTERPOLATION IN TIME FOR M=MVCT+1

uBruUUt(1)+RIND(UU2(1)-UU1(1))
VB=VV1(1)+RINDe(VV2(1)-VVi(1))
PB=PPI(1)+RIND(FP2{1)-PP1(1))
ROB=RORO1{ 1)*RIND*(RORO2( 1Y-ROR01( 1))
ULP=UUI{2)+RIND*(LU2(2)-UU1(2))
VLP=VVI1(2)+RIND*(VV2(2)-VVi(2))
PLP=PP1(2)+RIND*(PP2(2)-PP1(2))
ROLP=RORC1(2)+RIND*(RORO2(2)-RJIRO1())
co 10 110

uB=U(1.M N1)
VB=V(1 M Nt)
PB=P( 1 .M N1)
ROB=RO{ 1 .M N1}
ULP=U(2,M N1)
VLP=VI2 M N1)
PLP=P(2 .M N1)
20LP=RO(2,M N1)
gUu=(ULP-U3)/DXP
Bv=(VLP-VB)/DXP
BP=(PLP-F8)/DXP
ERO=(ROLP-ROB)/DXP
CU-UB-BU+x2
C(V=vVB-BVex3
CP=PB-BP*Xx3
CRO=ROB-BRO*X3

CALCULATE THE CROSS UERIVATIVE INTERPOLATING POLYNOMIAL
COEFFICIENTS

IF (M.EQ.1) GO TO 130

IF (M._EQ.MOFS.AND.IR ¢Q.4} GO TO 140
IF (IVC.EQ.0) GO 70 120

iF (NVC.EQ 1.0R.M_NE_MVCB) GC TO 120

LINEAR INTERPOLATICN IN TIME FCR M-MVCB

CLPMM=U(2 . M-1 KNN1)}RIND{U(2 M-1 MNN3)-U(2.M-1,KN1))
CLPMM=V(2 M- 1 NNT)*RIND* (V{2 M-1 ,NN3)-V(2,M-1,NN1))
PLPMM=P({2 M-1 NN1)I+RIND-IP(2 M-t NN3)-PL2,M-1,NN1))
ROLPMM=RO(2,M-1 NN1)-RIND*(RO{2,M-1 NN3}-RO(2.M-1_NN1))
UMM=U( 1, M- 1 NN1)+RINDe (U1, M-1 NN3)-UlL1,M-1,NN1))
YMM=-V{ 1 M-1 NNT)+RINDe(V{1.M-1 NN3)-V(1.M-1 NN1))

PMM=P (1 ,M-1 NN1)}+RIND=(P( 1 M-1 NN3)-P(1.M-1,NN1))
ROMM=RO( 1, M- 1 NS )+RINOD«(RO(1.M~-1,NN3)-RO 1. M-1 KN1T))

CU=(ULP-ULPMM)(DYR
DV=(VLP-VLPMM)*DYR
DPs(PLP-PLPMM) *DYR
ERO=(RULP-ROLPMM) *DrR
CU1=(UB-LMM)*DYR
SV1=(VB-VMM) «¢DYR

185
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120

130

140

150

160

170

DP1s(PB-PMV)+OYR
DRO1=(ROB-ROMM} *+DYR

GO TO 150

OU=(ULP-U(2,M-1 N1))DYR
DV=(VLP-V(2,M-1 . N1))*DVR
OP=(PLP-P(2,M-1 ,N1))*DYR
ORO=(ROLP-FO(2,M-1,N1))-DYR
DU1=(UB-U(1 ,M-1 N1))eDYR
DVi=(VB-V(1.M-1 ,N1)}eC!R
DP1=(PB-P(1,M-1,N1))eDVR
DRO13(ROB-RO(1.M-1,N1))+DYR
GO TO 150

IF (NGCB.NE.O) GO TO 140
DU=0.0
Dv=(4.0¢VI2,2,N1)-Vv(2,3,N1))}+0.5+DYR
0P=0.0 ‘

DRG=0.0

DUt=0.0
DVi=(4.0°VI1,2,N1)-V(1,3,N1))*0.5+DYR
DP1:0.0

DRO1=7.0

GO 10 150

DU=(U(2.M+1 ,N1)-ULP)eDYR
OV=(V(2,M+1 N1)-VLP)*DYR
DP=(P{2,M+1 N1)-PLP)*DYR
DRO=(RO(2.M+1 N1)-ROLP)*DYR
DUT=(U(1.,M+1 N1)-UB)*DVR
DVI=(V(1,M+1 N1)-VB)+DYR
OP1=(P(1,M+1 N1)-PB)*DVR
DRO1=(RO( 1 ,M+1 N1)-ROB)*DYR
BDU=(DU-DU1)/DxP
BDV=(DV-DV1)/DxP
EDP=(DP-DOP1)/DXP
BORO=(DPO-DRO1)/DXP
CCU=DU1-BDU*X3
CDV=DV1-BDV+X3

COP=DP 1t-BDPeX3
CDRO=DRC1-BDRO~X3

CALCULATE THE COEFFICIENTS FOR THE QUICK SOLVER

IF (IQSD.EQ.O.OR.NVC.EQ.1) GJ TQO 160

1f (M.LE.MVCB.OR.M.GE.MVCT) GO TD 160

1F (M_EQ.MGFS.AND.LDFSS.EQ 1) GO TO 160
DUDYQ2=0.5«(DUDYQS(2.M, 1)+4DUDYQS(2.M.2))
DvOYQ2=0.5+(DVDYQS(2.M,1)+DVDYQS(2.M,2))
DPDYQ2=0.5+(DPDYQS(2. M, 1)+DPDYQS(2.M.2))
DLDYQ1=0.5+(NUDYQS( 1,M, 1)+DUDYQS(1.M,2))
DVDYQ1=0.5+(DOVDYGS{ 1. M, ¢)+DVDYQS(1.M.2))
OPDYQ1=0.5*(DFDYQS{ 1,M, 1)+DPDYQS(1,M 2))
BDUQS=(DUDYQ2-DUDYQ1)/Dx?P
BCVQS=(OVDYQ2-DVDYQ1)/OxP
BOPQS=(DPDYC2-DPLYQ1)/DAP
COUQS=DUDYQ ! -BDUQS X3
CDVQS=DVDYQ1-BDVQS*X3
CDPQS=DPCYQ!-BCPQ5*X3

CALCULATR a2

IF (ICHAR.NE_ 1) A3=SQRT(GAMMA*P{ 1 M _N3)/RO(1 .M _N3))

DO 170 1L=1.2
X2=X3-((U(1 M N3)-A3)+0OM2+(U2-A2)+0M2)+0.5DT
IF (X2-X3.LE.0.05°DXP) X2:X3+0.05+DXP

INTERPOLATE FOR THE PROPERTIES

1J2:BU+X2+CU
P2:BPeX2+CP
RO2=BRO*A2+CRO
A2=SQRT(GAMMAP2/R0?)
CCNTINUE

V2:3Vex2+CV
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D00

180

120
200

210

230

250
260

UV2:U2+AL3+V2+BED
INTERPOLATE FOR THE CROSS DERIVATIVES

DU2=8pU~x2+CDU
DV2=8DVeXx2+COV
DP2:=BOP *X2+COP
DOR02:-BO0R0O*X24CDRO

IF (10SD.EQ.0.0R.NVC.EQ.1) GO TO 180

IF (M _LE.MVCB.OR.M.GE.MVCT) GO TO 180
1F (M _EQ.MDFS.AND.LDFSS.EQ.1) GO TO 180
DU295=BDUQS *X2+COUQS
DV205=BDVQS*X2+CDVQS
DP20)S=BDPQS*X2+CDPQS

CALCULATE THE PSI TERMS

IF (NDIM.EQ.O) GO YO 200

IF (M. EQ.1.AND.YCB(1)}.€EQ 0.0) GO TO 190
ATERM2=R0O2°+V2/YP

GO 10 200

ATERM2:=R02*BE3+0V2
PSI12=-UVv2¢0R02-RO2°AL2*DU2-RO2*BEI*NV2 ATERM?
PS122=-UV2¢DU2-AL3*0P2/R0O2
PS142=-UV2<DP2+A2+A2+UVI*DRO2

IF (IN0SD.EQ.0.0R.NVC.EQ. 1) GO TO 210

IF (M_LE.MVCB.OR.M_GE.MVCT) GU TO 210

IF {M_EQ.MDFS.AND.LOFSS.EQ.1) GO TO 210
PSI12=-UV2+DR0O2-R0O24ALD*DU2QS-RO2+*BED*DV2QS-ATERN2
UV2:=U2+ALO+V2+BED

PS122=-UV2+DU2CS-ALDDF2QS/RO2

IF (iCHAR.EQ.1)} GO T0O 280

CALCULATE THE CROSS DERIVATIVES Ai THE SCLUTICN POINT

I¢ (M £ 1t AND NGCE . EQ.0) GO TO 220
IF tM_EQ.MUFS AMD.1B.EQ.3) GO TO 230
IF (M_EQ.MMAX} GO TO 230

DU3=tu( 1 ,Me1 N3) U1, M N3))+DYR
DV3=(V( 1. M+1 N2)-V( 1, M N3))DYR
DP3=(P( 1 .M+1 N3I)-PL{1 M _N3))}sDYR
DRO3=(RO( f M+ 1 N3)-RO(I,M ,N3))*DYR
GO T0 240

DU3=C.0

DV3={4 QOeV(1,2,N3) V(1,3 N3))*0.5+0rR
UP3=CG.0

DR0O3:0.0

GO 10 240

DU3={U( 1 M N3}-U(1,M-1 82)j*CYR
DV3=(V{1,M N3)-V(1,M 1 ,N3))}+DYR
DP3={P(1,M,N3)-P(1,M-1,N3))*DVR
DRO3=(RC{ 1. M,N3)-RO(1,8-1 _N3))eD/R

CALCULATE THE PSIT TERMS AT IhE SOLUTION FOINT

IF (NDIM.EQ.O) GD TO 260

IF (M_EQ.1.AND.YCB(1).EQ 0.0) GO TO 25C
ATERM3=RO( 1 ,M N3)*V(1 M N3}/YP

GO TC 260

ATEIMI=RO( 1 ,M N3)+BE4+DV3

UV3=Ul1 M N3)eALS+V({ 1 M N3)*BE4
PSIN122-UV3+DRO3-RO(1. M N3)eALADUI-RO( i, M, N3)*BEI+DVI -ATERMU]
PS123=-UV3°DU3-AL3+DP3/RO( 1. M N3)
PS143:-UV3+*DP3+43%A3+UV3*RO3

1F (1QSD.EQ.O.OR.NVC.EQ.1) GO TO 290

1F (M.LE.MVCB.OR.M.5E.MVCT) GO TO 290
1F (M_EQ.MDFS.AND.LUFSS.EQ.1) GO T0 290
DUDY1=0.5«(U( 1 ,M+1 NI)-UGLD)*DYR

DVDY 1=0.5+(V( 1 M+1 N3)-VOLD!eDYR
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GOn

270

280

230

300

DPDY 1=0.5¢(P{1,M¢1-,N3)-POLD) *DYR
IF (MDF$.EQ.Q) GO TO 270

IF (M.NE.MDFS+1.0R.LOFSS.NE. 1) GO 10 270

DUDY 120.5¢(U(1 M+ 1 ,N3)-UL(1,N3))*DYR

DVDY 120.5«(V( 1 ,M+1 ,N3J-VL(1,N3))*DYR

OPOY 120.5(P( 1 ,M+1 N3)-PL(1,N3))sDYR
PS113=-UV3+*DRO3-RO( 1 ,M N3)*ALD*DUDY 1-RO( 1,M ,N3)*BEDDVDY 1-ATERM3
UV3=U(1,M NI)eALD+V( ! M ,N3)+BED

PS5S123+-UV3<DUDY 1-ALD*OPDY 1/RO( 1, M ,N3)

GJ 10 230

#S1232PS122

PS143=PS142

PS113=PS112

IF (IQSC.EQ.0.0R.NVC.EQ.1) GO 10 300

UOLD=U(1,M N3}

VOLD=V(1,M ,N3)

POLD=P(1,M,N3)

PSI1B+0.5+{PSI12+PSI13)+QROTB

PSI12B=0.5+(PS122+PS123)+QUTB

PS14B20.5-(PSI142+4PS143)+GQPIB

SOLVE THE COMPATIBILITY EQUATION FOR F CR U

IF (ISUPER.EQ.0) GO 70 340

IF (ISUPER.EQ.2.AND.IB.EQ.4) GO TO 340

1F (ISUPER.EQ.3.&ND.IB.EQ.3) GO TO 340

ROAB=0.S5+(RC2+A2+RO( 1 ,M_N3)+a3)

AB=0.5+(A2+A3)

IF (INBC.NE.C) GO TO 320

PSIT=(PS14B-ROAB+(PSI2B-QUTB)+AB+AB+(PSi 16-QRQTB) )+DT

1F (AL1.EQ.0.0) GO 10 310

U(1 . M N3)=(ROAB-ALTISUI(M)+ROAB«(U24U(1,M N1))I+P(1 M ,N$)-P2-PSIT)/
(ROAB*(2.0+AL1)

310 P11 M N3)=P2+ROAB«(U( ! M N3)-U2)+PSIT

320

330

34C

250

360

IF (P(1 M N3) LE.O.C) P{1 ,M,N3)=P_0OW+PC

GO 10 400

IF (M_EQ.MMAX _AND.IWALL.NE.O) GO TO 400
PSIT=(PSI4B-QP i -ROAB+PSI2B+AB+AB«(PSI1B-CROTB) }+*DT

1f (AL1.EQ.0.0) GO 1O 330

PUY M N3)=(ALI*PI{M)}PC+ROAB*{U(1 M. N1)-U2)+P2+P( 1 M NI)+2SITI (2.

1 O+ALI)

1

IF (P(1 .M N3).LE.O.O) P(1,M NI)=PLOW*PC
Ul M N3)=U2+(P{ 1 M N3)-P2-PSIT)/ROAB
GO TO 400

SOLVE THE COMPATIBILITY EQUATICNS FOR U. V., P. AND RC

MN3:=SQRTIU( T M N3)«U(t M NI)I+V(1, M N3)sVv(1 M N3))/A3
T2=2P2/(RO2+RG}

TTHETA=TAN(THETA(M))

UCORR=1.0

1f (NOSLIP.EC.O) GO TG 350

IF (M.EQ.MMAX AND [WALL _EQ.0) UCORR-0 C

[F (M_EQ.1.AND . NGCB.NE. Q) UCORR:=0D.0

IF (M_EQ.MDFS.AND.LDFSS.EQ. 1) UCORR=0.0

03 380 ITER-*.20
CEM=(1.0+GAM2*MN3+MN3)

P11 M N3)=PT(M}/(DEM+»+GAM1)
T3=TT{M}/CEM

IF (M.EQ.MMAC_AND.TW(1).GT.0.0) T3=Tw(1)
IF (M.EQ. 1.AND.TCB{1).GT.0.0) T3=1CB{ 1)
IF (M.NE.MDF3.OR.LDFSS.NE. t) GO TO 360
IF (IB.EQ.3.AND.TL(1).GT . Q0.0) T3=TL(1)
I 7118, EQ. 4. 80D . TU(1).GT.0.0) T3=1u(1)

PAVG=(P2+P(1,M N3))+0.5
TAVG=(T2+73)+0.5

ROAVG=PAVG/(TAVG*RG)

AS:GAMMA«PAVG,/RDAVG

U1, M, N3)=U2+DT«PSI2B4(P( 1, M ,N3)-P2-(PSI4B+AS*PSI1B)+DT)/(ROAVG
*SCRT(AS))

U1, M N3)=Ud( 1, M N3)eLCIRR
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6696 A5 -GAMMA +RG T3

6637 MMT-CQRTELUGOE M T et 0r M NT IOVt M NV M NTYYZAG)
6639 £ (CMNT NE.O O) GO TO 370

6697 o (ARSEMID OMNT) LE L) 000t) GO 10 390

6700 cO 10 3980

6701 370 1F (ABSCIMNI-0MNT)/CMMNTY LE.O 001) GO 10O 0
6702 IHG CONT THUE

6703 C

6704 NP =NeNSTART

6709 WRITF (6,430) M NP

XA 390 ROCYH M NI =P R NI/ RGTY)
G107 40C COMTINUE

6708 TECTWALL  NE O) PO MMAY 83 ) - F (*AMA L)
ERASR I

6710 ¢ ZERO THE CORER U FOR THE PV, RO NDSETE BOUKDARY CORZTTTON CASE
Orvr o

6712 v CHOGEGPR E0 O CROITNPC £ . O) Ri§JRN

6713 IF (ISUPER EU OV RE TURN

6714 IV CIS5UPER . EQ . 2. AND . IE £€0Q.4) RLTURN

67195 [F ISUPER.EQ 3.AND IB.EQ.3) REIURN

G716 IF (NVC. EQ. 1 AND MVCB Ew. 1) GO T0 410

G717 IF (NGCB.NF.O) Ult, 1 N300

G718 410 IF (NVC.EQ. 1 AND MYCT EQ.MMAX) GI) TO 420

6719 IF (IWALL EY O) U(1 MMAX N3):0.0

6720 420 IF (MOFS EQ O) RITUWN

6721 [F (NVC.FQ. 1 AND (MOFS GT MVCHB.AND . MOFS . LT .MVCT)) RETURN

6722 U1, MOFS,N3):=0.0

6723 RETURN

6724 C

6725 C FORMAT STATEMENTS

6726 C

6727 430 FORMAT (10, S5GHe oo THE SOLUTION FNOk THE LHTRANCE BOUMND2RY POINT
6728 1O 1, 12, 1H, . 16,43H) FALLED TO CONVERGE [N 20 [ISRATIONS seeee)

6729 END
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SUPROUTENF EXJIT

P00 0000000000000 00000000E000000000sbsrbsRectitscstbonccrtrccnst e

THIS SUBROUTINE CALCULATES THE BOUNOARY MESH POINIS AT 1HE ExI1

GO PP PPN EPINNPEPOELICIOILIINIIOVIOOILIENOIOINIOIOIOOIOIOIOROOMLDILGIONISIPOEIROOIOEOLDOLES

MCC

-1

LMAP = MAX

Ltot-1.1

X3-}F

DYP-x3-XP{L :)

ATERM?-0.0

ATERM3-0 O

MIS=1

MIF -MMAX

SMz0 . 0O

R'QIOE=1. O

IF (NPF . NFf _O) RNNPE-FLOATIN)/FLOAT{NPE)
1T (RNNPE.LE O.0.0R_RNNPE.GT t N) RNNPE-1.0
If (IB.€Q.3) MIF=MNES )

IF (IB EN.4) MIS:=MNFS

IF {(IVL . ED.0) GO TO 10

IT {(NVC.EQ 1) GO 10 0

IT (MIS. €0 1) MIS-MVCR

IF (MIF _FOQO.MMAX) MIF-MVCT

IF (ICHAR . L) 9. AND MIF NF MMAX) MIF-MIFs 1

REGIMN THF M OR Y DO LOOP

DO 330 M-MIS _MIF
1F (IVC . FQ.0) GD TO 20

IF (NVC.Nt.1) GO 10 20

IF (M. LT.MVCB) GO TO 20

IF (KM .GT MVCT) GO TN 20

1F (ICHAR Nf.1) a0 TO 330

IF (M_ED.MVCB.AND MVCR . NE.1) GU TD 20

GO 10 330

1F (1EX11T _EQ.1) GO 10 40
AND-GAMMASP(LMAX M 1 )/ROTEMAX M NT)

If tAa1D GT.0.0) GO TO 30

NP -MINSTART

WRITE (6,3R0) NP M _NVC _ [CHAR

1tRR-1

RE TURN

A1=S0RT(AL)D}

IF (1EXI.1 .EQ 2) GO 10 50
SM=U(LMAX M N1)<U(LMAX M NT)/(al*Al)

IF (SM.LYT_1.0) GO T0O SO

ULMAX M_N3)=U(LI M NII+FLOATUIFX)«{U(L 1 M _N3) U(L2.M.ND))
VILMAX M . N3)=V(L1 M N3)+FLOAT(IEX)IVILI. M NI} - V(12 M N3))
PILMAX M N3)=P(L1 M NI)SFLOAT(IEX)*(P(L Y M N3)-T(L2.M N3))
RO(LMAZ M _N3)=RO(L1 .M _N2)+FLOAT(IEX)*(RO(LI M N3} RO(L2 M. NI))
UOLD=U(LMAX M _N3J)

VOLD-V(LMAX M _N3)

POID-P(LMAX M NT)

IF (UCLMAX M _N3).GE.0.0) GO TO. 320

PILMAX M NJ)>RNNPLPE(MIS{ 1.0 RNNPF)PEL

GO 10O 300

MMAP =M

CALL MAP
BED=2.0°BE3+BE4/(BE3+BE4)
ALJ4=AL3+AL4

DE34=DEJI+DE4

IF (AL34.EQ.0.0) AL34=1.0
IFf (DE34.€EQ.0.0) DE34=1.0
ALD=2.0+AL3AL4/AL34
DED=2.0+DE3+*DEA/DE34
Ut=U(LMAX M N1)
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o000

60

70

80

u2=ut

A2=A1

IF (ICHAR NE.1) GO TO 60
U(LMAX M, ,N3)=U1

P(LMAX M N3)=P(LMAX M Nf)
RO(LMAX ,M,N3)=RO(LMAX M N1)
A3=A1

CALCULATE THE PROPERTY INTERPOLATING POLYNOMIAL COEFFICIENTS

QUTB=QUT(LMAX M)

QVIB=QVT(LMAX M)

QPTB=*QPT(LMAX M)

QROT8=QROT(LMAX M)

IF (1IVC.EQ.0) GO TO 70

IF (M.EQ.MMAX) GO TO 70

IF (NVC.EQ.1.0R.M.NE.MVCT+1) GO 10 70

LINEAR INTERPOLATION IN TIME FOR M:MVCT+1

UB=UU1(LMAX)+RIND*(UU2(LMAX)-UUT(LMAX))
VB=VVI(LMAX)+RIND*(VV2(LMAX)-VVI(LKAX))
PB*PP1(LMAX)4RINO*(PP2(LMAX)-PFI(LMAX))
ROB*RORO1(LMAX ) +RINO* (RORO2(LMAX)-RORG1(LMAX))
ULM*UUT(L1)+RIND(UU2(Lt)-UUI(L 1))
VLM=VVI(L1)+RINDe(VV2(L1)-VVI(L1))
PLM=PPI(L1)+RIND(PP2{L1)-PP1(L1))
ROLM=RORO1(L1)+RINO*(RORO2(L1)-RORO1(L1))

GO TO 80

UB=U(LMAX M ,N1)
VB=V(LMAX M N1)
PB=P(LMAX M N1)
ROB=RO(LMAX M 1)
ULM=U(L Y .M N1)
VLMsV(L1,M Nt)
PLM=P(L1 M _Nt)
ROLM=RO(L1 .M N1)
BU={(UB-ULM)/DXP
8v=(VB-VLM)/DXP
BP=(PB-PLM)/DXP
BRO={ROB-ROLM)/DXP
CU=UB-BU*X3
CVsVvB8-BVe*X3
CPzPB-BP*X3
CRO=R0OB-BRO+*X3

CALCULATE THE CROSS DERIVATIVE INTERPOLATING POLYNOMIAL
COEFFICIENTS

IF (M.EQ.1) GO TG 100

IF (M.EQ.MOFS.AND.IB.EQ.4) GO TU 110
IF (IVC.EQ.0) GO TO SO

IF (NVC.EQ.1.0R.M.NE.MVCB) GO YO 90

LINEAR INTERPOLATION IN TIME FOR M:=MVCB

UMM=UCLMAX M- NN1)+RINO* (U(LMAX M- 1 NN3)-U(LMAX M- _NNt))
VMM=V(LMAX M-1 NN1)SRINDe(V(LMAX M- 1 NN3)-V(LMAX M-1 NN1T))
PMM=P (LMAX M- 1 NN1)SRIND*(P(LMAX . M-1 ,NN3)-P(LMAX M-1 _,NN1))
ROMM=RO(LMAX ;M- 1 NN1)+RINDe (RO(LMAX M- 1_NNJ3)-RO(LMAX ,M-1_,KN1))
ULMMM=U(L 1 . M-1 NNT)SRIND(U(L I, M-1,NN3)-U(L1 M-1 NNT))
VLMMM=V(L 1 M-1 NN1)+RINDe(V(LI . M-1,NN3)-V(LI M-1,NN1))
PLMMM=P(L 1 M-1 NNI1)+RIND{(P(L 1 M-1 NN3)-P(LI,M-1,NNT))
ROLMMM=RO(L 1 . M~-1 NN1)+RINDe(RO(L T .M-1 ,NNI)-RO(L1 . M-1 NNTt))

DU=(UB-UMM) *DYR
DV=(VB-VMM)*DYR
DP=(PB-PMM)*DYR
DRO=(ROB-ROMM) «DYR
DU1s(ULM-ULMMM) «DYR
DVi=(VLM-VLMMM)*DYR

191
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o000
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100

110

120

130

DP 1=(PLM-PLMMM) *DYR
DRO1=(ROLM-ROLMMM ) <DYR

GO TO 120

DU=(1!B-U(LMAX M-1_N1))eDYR
DV=(VB-V(LMAX . M-1 ,N1))*DYR
DP=(PB-P(LMAX M-1_N1))*DYR
DRO=(ROB-RO(LMAX ,M-1,N1))DVYR
DUt=(ULM-U(L1,M-1 N1))*DYR
DVIi=(VLR-V(L1,M-1 N1))eDYR
DP1=(PLM-P(L1 M-1 N1))eDYR
DRO1=(ROLM-RO(L1.M-1_,N1))+DYR
GO TO 120

IF (NGCB.NE.O) GO TO 110
0U=0.0
DV=(4.0°V(LMAX 2 N1)-V(LMAX,3.N1))+0.S+DYR
DP=0.0

DRO=0.0

DU1=0.0
DVi=(4.0°V(L1,2.N1)-V(L1,3,N1))¢0.5+DYR
DP1=0.0

DRO1=0.0

GO TO 120
DU«(U(LMAX M+ N1)-UB)*DYR
DVs(V(LMAX M+ N1)-VB)eDYR
DP=(P(LMAX,M+1_N1)-PB)*DYR
DRO=(RO(LMAX M+ 1 ,N1)-ROB)*DYR
DUT=(U(L 1 M3 1 N1)-ULR)*DYR
DVI=(V(L1 M+ N1)-VLM)*DYR
DP1s(P(L1. M4 N1)-PLR)*DYR
DRO1=(RO(L1,M+1 N1)-ROLM)+DYR
BOU~(DU-DU1)/DXP
BDV=(DV-DV1)/DxP
BOP=(DP-DP1)/DXP
BORO=(DRO-DRO1)/DXP
CDU=DU-BDU*X3

COV=DV-BDV*X3

COP=DP-BDP*X3
CDRO=DRO-BDRO*X3

CALCULATE THE COEFFICIENTS FOR THE QUICK SOLVER

IF (10SD.EQ.O.OR.NVC.EQ.1) GO TO 130

IF (M.LE.MVCB.OR.M.GE.MVCT) GO TO 130

IF (M_EQ.MOFS.AND.LOFSF._£Q.LMAX) GO T0 130
DUOYQLX=0.5+ (DUDYQS(LMAX M, 1)+DUDYQS(LMAX M, 2))
DVODYQLX=0.5+(DVDOYQS{LMAX M, 1)+DVOYQS(LMAX M. 2))
DPDYQLX=0.5+(DPDYQS(LMAX .M, 1)+DPDYQS(LMAX .M, 2))
DUDYQL 1=0.5+(DUDYQS(L1.M, 1)+DUDYQS(L 1. M. 2))
OVDYQL 1=0.5+(DVDYQS(L 1. M, 1)+DVDYQS(L?.M.2))
DPDYQL 1=0.5+(DPDYQS(L 1. M, 1)+DPOYQS(L1.M.2))
BDUOS = (DUDYQLX-DUDYQL 1)/DXP
BOVQS={DVDYQLX-DVDYQL 1)/DXP
BOPQS=(DPDYQLX-DPDYQL 1)/DXP
CCUOS=DUDYQLX-BDUQS*X3

CDVQS=DVDYQLX-BDVQ. X3

CDPQS=DPOYQLX-BDPQS*X3

CALCULATE Xt AND X2

IF (ICHAR.NE.1) A3=SQRT(GAMMA*P (LMAX . M,N3)/RO{LMAX M N3))
00 140 IL=1,2

X12X3- (U(LMAX M, N3)+OM1+U1+0M1)+0.5+DT
X2=X3-((U(LMAX M ,N3)+A3)OM1+(U24A2)*0M1)+0.5DT

IF (X3-X1.LT.0.05¢0XP) X1=X3-0.05+DXP

IF (X3-X2.LT.0.05°*DXP) X2=X3-0.05°0XP

INTERPOLATE FOR THE PROPERTIES

UisBUeX1+CU
U2=BU*X2+CU
P2=BP*X2+CP
RO2=BRO*X2+CRO
A2=SORT (GAMMA*P2/R02)
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6949
6950
€951
6952
6953
63954
6955
6956
63957
6958
6959
€960
6961
6962
6963
6964
6965 C
6966
6967
6968
6969
6970
6971
6972
6973
6974
6975
6976
w377
6978
6979
6980
6981
6982
6983
6984
698S
6986
6987 C
6388
6989
6990
6991
6992
6993
6994
6995
63996
6997
6998
6999
7000
7001
7002
70C3
7004
700%
7006
7007
7008
7009
7010
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7016
7017 C
7018 C

[ XeNe)

(2 X2 Xs}

ann

140

150

160
170

180

190

200

CONT INUE
Vi=BVeX1+CV
P1sBPsX14CP

RO 1=BRO*X 1+CRO
UVIi=U1+AL3+Vi+BEI+DES
A1=*SQRT(GAMMA*P1/R0O1)
V2=8VeX2+CV
UV22U2+AL3+V2+BE3+DE3

INTERPOLATE FOR THE CROSS DERIVATIVES

DV1=BDVeX1+CDV

DP t=BDPeX 1+CDP

DRO 1 *BDRO*X 14CDRO

DU2=BDU*X2+CDU

DV2=BDVeX2+COV

DP2=BDP*X2+COP

DRO2=BDRO*X2+CORO :

IF (10SD.EQ.0.OR.NVC.€Q.1) GO TO 150

IF (M.LE.MVCB.OR.M.GE.MVCT) GO TO 150

IF (M.EQ.MOFS.AND.LDFSF.EQ.LMAX) GO TO 150
DV1QS=BDVQS*X 1+COVQS

OP 1QS=BDPQS*X 14CDPQS

DU2QS=BDUQS *X2+CDUQS

OV2QS=BOVQS+X2+CDVQS

DP2QS*BDPQS*X2+4CDPQS

CALCULATE THE PSI TERMS

IF (NDIM.£EQ.O) GO TO 170

SF (M_EOQ.1.AND.YCB(LMAX).EQ.0.0) GO TO 160
ATERM2=R02°V2/YP

G2 10 170

ATERM2=R02+BE3+DV2

PSI34=-UVi+DV1-BE3+DP1/ROY
PSId12-UVI*DP1+A1°A1+UV t+DRI
PSI12=-UV2+DR0O2-RO2+AL3*DU2-RC2+BE3*DV2-ATERN2
PS122=-UVv2+0U2-AL3-DP2/R0O2
PS142=-UV2+DP2+A2+A2°UV2+0R02

1F (IQSD.EQ.O.OR.NVC EQ.1) GO TO 180

IF (M_.LE.MVCB.OR.M.GE.MVCT) GO TO 180

IF (M_EQ.MOFS.AND.LDFSF.EQ.LKAX) GO TO 180
UV1i=U1+ALD+V1+BED+DED
PSI31=-UV1+DV1QS-BED*D" 10S/ROY
PSI12=-UV2+DRO2-RO2+ALD*DU2QS-ROZ *BED*IV20S-ATERN2
UV2=U2+ALD+V2+BED+DED
PSI122=-UV2+DU20QS-ALD*NP2QS/RO2

1F (ICHAR.EQ.1) GO 70 270

CALCULATE THE CROSS DERIVATIVES AT THE SOLUTION POINT

IF (M.EQ.1.AND.NGCB.E0Q.0) GO TC 190
IF (M.EQ.MDF3.AND.1B.EQ.3) G3 TO 200

IF (M.EQ.MMAX) GO TO 200
DUI=(U(LYAX B+ 1, N3)-U(LMAX M N3))DYR
DV3=(V(LMAX M+1 N3)-VILMAX M _N3))*DYR
OP3=(P(LMAX M+ 1 N3)-P(LMAX M _N3))+DYR
DRO3I= (PO(LMAX, ¥+ 1 N3} -RO(LMAX,M_N3))*DYR
GO T0 210

DU3+0.0

DV3=(4.0+V(LMAX,2 N3)-V(LMAX,3 ,N3))«0.5*DYR
DP3+0.0

DRO3~0.0

G2 YO 210 -
DU3=(U(LMAX % N3I)-U(LMAX %-1,N3))DYR
OV3=(V(LMAX M N3)-V(LMAX M-1,N3))+*DYR
DP3=(P(LMAX M N3)-P(LMAX ,N-1 ,N3))+0YR
DRO3I=(RO(LMAX .M N3)-RO(LMAX M-, N3))eDYR

CALCULATE THE PSI TERMS AT THE SOLUTION POINT
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7019 C

7020
7021

7022
7023
7024

7025
7026
7027
7028

7029
7030
7031

7032
7033
7034
7035
7036
7037
7038
7039
7040
7041

7042
7043
7044

7045
7046
7047

7048

7049
7050
7051

7052
7053
7054

7055
7056
7057
7058
7059
7060
7061

7062
7063
7064
7065
7066
7067
7068
7069
7070
7071
7072
7073
7074
7075
7076
7077
7078
7079
7080
7081
7082
7083
7084
7085
7086
7087
7088
7089
7090

oon

Cc
Cc
Cc

<10

220
230

240

250

260

270

280

290

300

IF (NDIM.£0.0) GO TO 230

IF (M.EQ.1.AND.YCB(LMAX) .€Q.0.0) GO TO 220
ATERM3=RO(LMAX ,M_N3)eV(LMAX M N3)/YP

GO TO 230

ATERM3=RO(LMAX, 1 ,N3)+BEA*DV3

UV3=U(LMAX M N3)*ALA+V(LMAX M N3)*BEA+GE4L
PS113=-UV3*DRO3-RO(LMAX M ,N3)*(ALL*DU3+BF4«DV3)-ATERMI
PS123*-UV3*DUI-AL4*DP3/RO(LMAX M N3)
PSI133=-UV3*DV3-BE4*DPI/RO(LMAX M NI)
PS143=-UV3*DP3+A3*A3°UV3*DRO3

IF {1QSD.EQ.0.OR.NVC.EQ.t) GO TO 250

IF (M.LE.MVCB.OR.M.GE.MVCT) GO TO 250

IF (M_EQ.MOFS.AND.LDFSF.EN.LMAX) GO TO 250
DUDY 120. 5S¢ (U(LMAX M+ 1 N3I)-UOLD)*DYR

DVDY 1=0.5+ (V{LMAX K+ 1 N3)-VOLD)*DYR

DPDOY 120.5(P(LMAX M+ 1 N3)-POLD)*DYR

IF (MDFS.EQ.O0) GO TQ 240

IF (M_NE _MOFS+1_OR.LDFSF.NE.LXAX) G) YO 240
DUDY 1=0. Se(U(LMAX M+ 1 N3)-UL(LMAX N3))*DYR
DVOY 1=0.5¢(VILMAX M¢1 N3)-VL(LMAX . N3))*DYR
DPDY120.5¢(P(LMAX M+ 1 N3)-PL{LMAX N3))*DYR
PSI132-UV3+DRO3-RO(LMAX M N3 )+ (ALD*DUDY 1+8EDeDVDY 1) -ATERM3
UV3=U(LMAX M _N3)*ALD+V(LMAX M, N3)+*BED+DED
PS123=-UV3+DUDY 1-ALD*DPDY 1/RO(LMAX M N3)
PSI33=-UV3+DVDY 1-BED*DPDY 1/RO(LMAX M NI}
IF (I0SD.EQ.O.OR.NVC.£Q.t) GO TO 260
UOLD=U(LMAX M _N3)

VOLD=V(LMAX M_N3)

POLD*P(LMAX M _N3)
PSI31B=(PSI31+PS133)+0.5+QVIB
PSI41B2(PSI41¢PS143)+0.5
PS112B=(PSI124PS113)+0.5
PSI122B8=(PS122+4PS123)+0.5+QUTB
PS142B=(PS1424PS143)¢0.5

GO YO 280

PSI31B=PSI31+4QVTB

PS141B=PS14 1

PS112B=PS1 12

PS127B=PS122+QUTB

PS142B=PS142

SCLVE THE COMPATIBILITY EQUATIONS FOk U.V AND RO

P(LMAX M N3)=RNNPE*PE(M)+(1.C-RNNPE ) *PEI

AB=0.5¢(A22+4A3}

ROAVG=0.5¢(RO2+RO(LMAX M N3))
PSIT=(PSI42B'ROAVG+AB+*PSI22B+AB+AB*PSI128)+DT

IF (ALE.EQ.0.0) GO TO 2990

PSIT=PSIT+QPIB+DT

PS141B=PS]I41B+QPTB

P(LMAX M N3)=(ALE*PE(M)+ROAVG*AB*{U2-U(LMAX M,N1))+P2+P(LMAX M N1)
1 +PSIT)/(2.04ALE)

RO(LMAX .M _N3)=RO1+42 . 0+{P(LMAX M _N3)-P1-DT+PSI418)/(A3*A3+A1+A1)
1 +QROTB*DT

IF (RO(LMAX K. N3).LE.O.0) RO(LMAX M, N3)=ROLOW/G

U(LMAX M N3)-U2+(PSIT-P(LMAX M ,N3)+P2)/(ROAVG*AB)

V(LMAX M _N3)=V1+DT+PSI318

IF (NOSLIP.EQ.O) GO TO 300

IF (M.EQ.1.ANO.NGCB.NE.O) U(LMAX M ,N3)=0.0

IF (M.EQ:MMAX_AND.IWALL.EQ.0) U(LMAX M ,N3)=0.0

IF (M.EQ.MDFS.AND.LDFSF.EQ.LMAX) U(LMAX ,M,N3)=0.0

CHECK FIR INFLOW AND IF SO, SET THE CORRECT S8OUNDARY CONDITIONS

IF (J(LMAX . M. N3).GE.O0.0) GO TO 320

RO(LMAX .M ,N3)=0.5¢(RO(LMAX, 1 ,N1)+RO(LMAX,MMAX ,N1))

IF (U(LMAX,2,N1).GT.0.0.AND.U(LMAX M1 ,N1).LT.0.0) RO(LMAX M ,N3}=RO
1 (LMAX ,MMAX N1)

IF (U(LMAX,2,N1).LT.0.0.ANO.U(LMAX M1 ,N1).GT.0.0) RO(LMAX, M N3)=R0D
1 (LMAX, 1.N1)
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71105
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7133
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DOoAanNn

aNaNs)

onn

10

320

330

340

350

360

370

V(LMAX K N3 )=-U(LMAX M N3 ) e (NXNYCB(LMAX)+(YP-YCB(LMAX))/(YW(LMAX)
1 -YCB(LMAX))e(NXNY(LMAX)-NXNYCB(LMAX)))

IF (MOFS.EQ.0.0R.LDFSF.NE.LMAX) GO TO 320

IF (1B.2Q.4) GO TO 310

RO(LMAX ,M,N3)=0.5¢(RO(LMAX, 1 ,N1)+RO(LMAX ,MOFS N1))

IF (U(LMAX,2,N1).GT.0.0.ANO.U(LMAX MOFS-1,N1).LT.0.0) RO(LMAX M. N3
1 )=RO(LMAX,MOFS ,N1)

IF (U(LMAX,2.N1).LT.0.0.ANO.U(LMAX MOFS-1 N1).GT.0.0) RO(LMAX M, N3
1 )=RO(LMAX, $,N1)

V(LMAX %4, N3)=-U(LMAX M N3)*(NXNYCB{LMAX)+(YP-YCB(LMAX))/(YL(LMAX)
1 ~YCB(LMAX))e(NXNYL(LMAX)-NXNYCB{LMAX)))

GO 10 220

ROCIMAYC M NN S (ROCIMAXY MDY S Nt)IRII(IMAY MMAX MNiD)

IF (ULIEMAX MDISET NI GT OO0 AND UHEMAXY M1 NI1) LT O 0O) RO(EMAY M

1 LHNI)-FOLIMAX _MIAX N1

IF (UCIMAx MPESHY NT) LT 0 O AND LILILMAY MY NY) GT 0 Q) RO(CLMAX M

1 . NI)-ROLLMAY MOFG Nt)

VIIMAXY M NT: UIETMAY M M- (NYNUIIMAY Jo( v YU(LMAY )/ (YW(LMAY ) YU)
t (LMAX) ) (NXNY(LMA> )} NYNYU(LMA)))

AVERAGF THE SOILUTION [F THE MaCH NUMBIR IS ALTFRJATINAG
ABOVF ANU RELOW 1 O

IF (ICHAR FO 1 OR IFXITT NF 0O) GO 10 330 )
SMILUIMAX M NI)e+2/(GAMMA-P(LMAX M N3I)/ROLIMAX M _NI))
1F (SM2 1T t. O AND SM LT 1 Q) GO TQ R0

IF (M3 GI. 1 O AND SM GT 1 O) GD 10O 330
PULMAY M NI)I-FNNPEsPE(MI+ (1. O-RNNPE ) PEL

CONTINOE

ST BOUNDARY FONDITIONS AT THE CORNER MFSH TTOINIS

IF (IWALL _F2 Q) A0 1O a0

1F (VIIMAC MMAR N1} G 0 O) .0 10 24N

(SRR T

IF (ICHAP FQ 2) NO-N3

UCLMAX MMAY NI)=0 Ul 1 . MMAY _ND)tO. DU{LMAX MMAY N1)

ROC{MAX MMAX N3)-0. 1+RO[ 1 MMAY NDI4O 9<RO(EMAX MMAX _MN1)

IF (NVC . £0) 1. AND MVCT EQ MMAX) GO 10 350

If (MDFS.NMF O AND_ IR E£9.3) GO TN 50

IF (IWAILL EN.O) VIIMAX MMAX N3)}= U(LMAX MMAX N7T)NXNY{LMAX)}tAW]

1 (LMAX)

IfF (1W(1) GT.0O O AND PULMAX MMAY N3).€E0Q PE(MMAX)) ROLIMAX MMAX N3)
1 =P(LMAY MMAX NI)/(RG+TWILIMAX)) 4

IF (IW(1) GT .0 O AND P{LMAX MMAX N3) NE PE{MMAX)) P(IMAT _MMAX _N3)
1 “ROCLMAY MMAX NI)+RGTWlIMAX)

IF INVC F 1 AND MVCR EQ 1) GO 10 6D

IF (MOITS NF.O AND IR [0 4) GO fO 360

VILMAX, 1 N )=-UILMAZ | 1 N3)sNYNVCR(IMAY)

IF (ICRI1) GT 0O 0. AND PIUMAY 1 NT) FO . FICT)) RO(IMAZ 1 NII-PILMAX,
1 1. N3V/(RG*TCRILMAY))

1F (TCRU1) GI O O AND PULMAX 1 NI) NE PF(1)) PILMAX 1 N3I=RO(LMAX,
1 1.N3)RG*TCRIIMAX)

SET BOUNOARY CONDITIONS FOR THE DUAL F1OW SPACE

IF (MDFS.EN O_OR LDFSF _NE . I MAX) RETURN

IF (NVC.EQ. 1. ANO. . (MOFS . GI MVCR.AND _MDFS LT MVCT)) RETURN

IF (IR.£0N.4) GO TO 270

V(LMAX MOFS N3)= U(LMAX _MOFS N3)NXMNYL (1 MAX)

IF (TLUU) . GT O O.AND . P(LMAX MOFS.N3) . FQ FPE(MNFS)) RO(LMAX MOFS N3)
1 =P(LMAX MDFS N3}/(RG*TI{LMAX))

IF (TI(1) GT 0.0 ANO P{IMAX MDFS N3) MNF PF(MNDFS)) PILMAX MDFS_N1)

1t =RO(LMAX MDFS NI)*RGeTL{LMRAX)

RE TURN

VILMAX MOFS N3)=x-ULLMAX MOFS NI)NINYU(LMAX)

IF (TUC1) . GT .0 O.AND . PLMAX MNFS N31 . EQ PE(MDIS)) RO{IMAX _MNFS _N3)
t TP{LMAX MDFS N3)/(RG*TUILMAX))
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7159
7160
7161
7162 C
7163
7164
7165

IF (TUC1) . GT.0.0.AND.P(LMAX MOFS_N3) NE.PEIMOIS)) P(LMAX MDFS N3}
1 *RO(LMAX MOFS,N3)*RG*TU(LMAX)
RETURN

380 FORMAT (1HO.S7Hseeee A NEG SOUND SPFED OCCIIR56 IN SURROUTINE FXITT
1 AT N= 16,4H, M= 12,6H, NVC=,13,11H ANO ICHAR=.11,6H sveve)
ENO



7166 SUBRCUTINE QSOLVE
7167 €

7'68 c I....'.......t..’.........OO.......“..-.0Q....Q...."‘....'..
7169 C

7170 € THIS SUBROUTINE CALCULATES THE VELOCITY AND PRESSURE DERIVATIVES
7171 C IN THE SUBCYCLED MESH AS PART OF THE OUICK SOLVER PACKAGE
7172 €

7'73 C ....i..-‘t...t.0......‘.0'.0“...0'......‘..‘...'....'....'.O.
7174 C

7175 *CALL.MCC

7176 IP=1

7177 YWB=0.0

7178 YWT=1.0

7179 ¥1=0.0

7180 ¥220.0

7181 Y1020.0

7182 Y20=0.0

7183 MIS=MVCB 1

7184 MIF=MVCT 1

7185 IF (MDFS.EQ.0) GO TO 20

7186 C

7187 1823

7188 CALL SWITCH (3)

7189 GO 10 20

7190 10 MIS=MOFS+1

7191 MIF=MVCT §

7192 1B8=4

7193 YWB=2Y(MDFS)

7194 YWT=1.0

7195 CALL SWITCH (3)

7196 C

7197 C BEGIN THE L OR X DO LOOP

7198 €

7199 20 DO 510 L=1.LMAX

7200 LMAP=L

7201 LDFS=D

7202 1F (L.GE.LDFSS.AND_.L.LE.LDFSF) LDFS=1
7203 YPB=YCB(L)

7204 YPT=YW(L)

7205 IF (MDFS.EQ.C) GO TO S50

7206 IF (LDFS.NE_.O) GO TU 30

7207 IF (18.EQ.4) GO TO S10

7208 MIF=MVCT 1

7209 YET=1.0

7210 GO 7O SO

7211 30 IF (1B.EQ.4) GO TO 40

7212 MIF=MDFS-1

7213 YWT=Y(MOFS)

7214 YPT=YL(L)

7215 GO T0 SO

7216 40 YPB=YU(L)

7217 S0 IF (MVCB.NE.1) GO TO 60

7218 MMAP = {

7219 MMz {

7220 RFLD=-2.0°NXNYCB(L)/{ 1.0+NXNYCB(L)*+2)
7221 GO 70O BO

72722 50 IF (MVCT_NE.MMAX) GO TO 70

7223 MMAP 2 MMA X

7224 MM = MMA X

7225 RFLD=2.0*NXNY(L)/( 1.0+NXNY(L)=*2)

7226 GO TO 80

7227 70 IF (MOFS.EQ.0) GO TO 110

7228 IF (LOFS.EQ.Q0) GO TQ 110

7229 MMAP=MDFS

7230 MM=MOF S )
7231 IF (IB.EQ.3) RFLD=2.0°NXNYL(L)/(1.0¢+NXNYL(L)*+2)
7232 IF (IB.£Q.4) RFLD=-2.0NXNYU(L)/(1.04NXNYU(L)**2)
7233 80 CALL MaAP

7234 OM11=2_.0+0M{+0M2/(0OM1+0M2)

7235 AL117AL3

7236 BE11=BE3

7237 DE11=DE3
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198

7238
7239
7240
7241
7242
7243
7244
7245
7246
7247
7248
7249
7250
7251
7252
7253
7254
7255
7256
7257
7258
7259
7260
7261
7262
7283
7264
7265
7266
7267
7268
7269
7270
7271
7272
7273
7274
7275
7276
7217
7278
7279
7280
7281
7282
7283
7284
7285
7286
7287
7288
7289
7290
7291
7292
7293
7294
7295
7296
7287
7298
7299
7300
7301
7307
7303
7304
7205
7306
7307
7308
7309

o0oon

0o0o

90

100

110

120

130

140

150

ALS11=SQRT(AL 11AL11+4BEt1+BE1Y)

Uvii1=DEt1

RFLO=RFLD/BE 11

IF (L.€Q.1) GO TO 90

IF (L.EQ.LMAX) GO TO 100
PTERM=0.5+0OM11+(P(L+1 MM N1)-P(L-1,MM N1))*DXR

ROTERM=Q.5+0M1§¢(RO(L+1 .MM N1)-RO(L-1,MM,N1))*DXR

QTERM=0.5+0M112(Q(L+1, MM N1)-0(L-1,MM _N1))*DXR
GO TO 110
PTERM=OM11+(P(2,MM N1)-P( 1, MM N1))+DXR
ROTERM=0OM11+(RO(2,MM . N1)-RO(1,MM N1))*DXR
QTERM=0M11+(Q(2,MM N1)-Q(1,MM N1))*DXR

GO TO 110
PTERM=0M11+(P{LMAX MM N1)-P(L 1,MM ,N1))*DXR
ROTERMsOM 11+ {RO(LMAX MM _N1)-RO(Lt MM N1))*DXR
QTERM=0M11¢(Q(LMAX MM, N1)-Q(L1,MM N1))*DXR

BEGIN THE M OR Y DO LOOP

00 500 M=MIS MIF
MMAP =M

CALL MaP
BE=2.0+BE3+BE4/(BE3+BE4)
8FD=BE3

YPD=YP

Y3=Y(M)

YPP=YP+DY/BE4
YPM=YP-DY/BE3

U3=U(L .M.N1)

vas=v(L .M N1)

P3=P(L .M N1)
RO3=RO(L .M ,Nt)
03=0(L.M_N1)

A3=SQRT(GAMMA «P3/R03)
UV3=U3¢AL3+V3*BE3+DE3
ALS=SQRT(AL3*AL2+BE3*BEJ)
UV3D=U3*AL&+V3I*BEA+DE4
ALSD=SQRT(AL4*AL4+BEABEY)

CALCULATE Y1 (SECANT - FALSE POSITION METHOD)

ILLI=O
MMO =0

DO 270 ILL=1,ILLQS

IF (ILLI.NE.O) GO TO 150

IF (ILL.NE.1) GO TO 120
UVAO=(UV3+ALS*A3) DT

Y100=Y3

FY3=-UVAQ

Yi=y(M-1)

GO TO 190

UVAVG=0.5¢ ((U1+U3) *ALAVG+{V14V3)*BEAVG)+DEAVG
UVA=(UVAVG*ALSA1)*DT

FY1=2Y3-UVA-Y1

IF (FY1+FY3.LT.0.0) GO 7O 140
UVAO=UVA

Yi100=Y1

FY3=FY1

IF (ILL.LT.M) Y1=Y(M-ILL)

IF (2+ILL-M_EQ.MMAX+1) GO TO 130

IF (ILL.GE.M) Y1=2 O+YWB-Y(2+ILL-N)
GO TO 190

NP=N+NSTART

WRITE (6.560) NP _L.M.NVC

1ERR=1

RETURN

ILLI=1

Y10=Y1

GO TO 180
UVAVG*0.5+((U1+4U3)*ALAVG*{V1+V3) *BEAVG)+DEAVG
UVAT=(UVAYG+ALSA1)+DT
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160

170

180
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210
220

230

240

250

260
270
28C

290

FY1=Y3-UVAT-Y1
FY1Q=Y3-UVA-Y{0

IF (FY1+FY10.LT.0.0) GO TO 160

GO 70 170

UVAOQ=UVA

Y100=Y10

UVA=UVAT

Y10=Y1
Y1=Y10+(Y10-Y100)»(Y3-UVA-Y10)/(UVA-UVAD+Y 10-Y 100)
IF (Y1.LT.2.0°YWB-Y(MVCT)) Y1=2.0¢YWB-Y(MVCT)

IF (MVCB.NE. 1 _AND.Y1.LT.Y(MVCB)) Y1=Y(MVCB)

IF (Y1.GT.Y(M1)) Yi=Y(M1)

IF (Y1+Y10.EQ.0.0) GO TO 290

IF (Y10.€Q.0.0) GO TO 190 ]

IF (ABS((Y1-Y10)/Y10).LE.CIS) GO TO 290

INTERPOLATE FOR THE PROPERTIES AT Y=Y1

1Y1=0

IF (Y1.GE.YWB) GO T0 200

Y1=2_0sYWB-Y1 -

1vi=1

DO 210 MM=1 M1

IF (Y1.GE.Y(MM)_AND.Y1 . LE.Y(MM+1)) GO TO 220
CONTINUE

ROY=(Y1-Y{(MM))<+DYR

Ut=U(L. MM N1)+(U(L MM+ 1 N1)-U(L . MM_N1))eRDY
VisV(L. MM N1)+(V(L. MM+ N1)-V(L MM _N1))ROY
P1=P{L. MM N1)+(P(L ,MM*+1 N1)-P(L .MM _N1))-RDY
RG1=RO(L .MM N1)+(RO(L MM+ N1)-RO(L MM _N1))*RDY
Q1=Q(L .MM _N1)+(2(L MM+1_N1)-O(L .MM N1))*RDY
IF (IY1.€Q.0) GO TO 230

Ut=-U1

Vi=-vi

RFL=RFLD*(Y1-YWB)

P1=P1-PTERM*RFL

RO1=RO1-ROTERMRFL

Q1=01-QTERMeRFL

IF (MM_EQ.MMO) GO TO 240

MMO = MM

MMAP = MM

IP=0

CALL Map

YPMM=YP

MMAP =MM+ 1

1IP=1

CALL Map

YPMM1=YP

YP 1=YPRM+ (YPMM 1 - YPMM) +RDY

IF (1Y1.EQ.C) GO TO 250

Y1=2.0:YWB-Y1

YP1z2.0°YPB-YP1

IF (YPD.FQ.YP1) GO TO 280
BEAVG=(Y3-Y1)/(YPD-YP1)

ALAVG=AL3*BEAVG/BE3
DEAVG=DE3+*BEAVG/BE3
A1D=GAMMA«P 1 /RO

IF (A1D.GT.0.0) GO TO 260

NP =N+NSTART

WRITE (6,520) NP,.L ,M_NYC
1ERR=1

RETURN
ALSA1=SQRT(O.5*(A1D+A*A3)*(ALAVG*ALAVG+BEAVG*BEAVG))
CONTINUE

NP=N4NSTART

WRITE (6,540) ILLOS.NP.L .M ,NVC
1ERR=1

RETURN

CALCULATE DUDYQS, DVOYQS AND DPDYQS AT Y=Yt

u3D=uU3

199
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300
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Vv3D=v3

P3D=P3

RO3D=RO3

030=Q3

IF (Y1.GE.Y(M-1)) GO TO 300

U3D=SQS*U3+( 1.0-5QS)*(U{L M- 1 N1)+(U(L M+1 ,N1)-U(L.M-1 ,Nt))e(YPD
1 -YPM)/(YPP-YPM))
V3D*5QS*V3+(1.0-5QS)*(V(L M-t ,N1)+(V(L M+1 ,N1)-V(L ,M-1 ,N1))*(YFO
3 ~YPM)/(YPP-YPH)) .
P3D=SQS*P3+(1.0-SQS)*(P{L ,M-1 ,N1)+(P(L M+t N1)-P(L.K-1,N1))s(YPD
1 -YPM)/(YPP-YPM))
RO30=S05°R03+(1.0-50S)*(RO(L ,M-1,N1)+(RO(L M+t N1)-RO(L.M-1,N1))e
1 (YPD-YPM)/(YPP-YPM))

Q3D=5Q5¢Q3+( 1.0-50S)*(Q(L . M-1,N1)+(Q(L,M+1 N1)-Q(L ,M-1,N1))*(YPD
4 -YPM)/(YPP-YPM))

RDYD=1.0/((YPD-YP1)*BED)

DUDYQS{L,.M, 1)=(U3D-U1)*ROYD

pVYDOYQS{L.M, 1)=(V3D-V1)+RDYD

OPDYQS(L .M, 1)=(P3D-P1)+RDYD

DROQDY 1=(RO30+Q3D-RO1+Q1)/((YPD-YP1)+BE)

CALCULATE Y2 (SECANT - FALSE POSITION METHOD)

ILLI=O

MMO=0

DO 460 ILL=1,1LLAS

IF (ILLI.NE.O) GC TO 340

If (ILL.NE.1) GO TO 310
UVAO=(UV3D-ALSD+A3) DT

Y200=Y3

FY3=-UVAO

Y2=Y(M+1)

GO TO 380

UVAVG=0.5¢( (U2+U3) *ALAVG+(V2+V3I)*BEAVG )} +DEAVG
UVA=(UVAVG-ALSA2)+DT ’
FY2=Y3-UVA-Y2

IF (FY2+¢FY3.LT.0.0) GO TO 330

UVAOD=UVA

Y200=Y2

FY3=FY2

1F (M+ILL.LE.MMAX) Y2=Y(M+ILL)

IF (MMAX+MMAX-M-ILL.EQ.O) GO TO 320

IF (M+ILL.GT.MMAX) Y222 OeYWT-Y(MMAX+MMAX-M-1LL) .
GO TO 380

NP=N+NSTART

WRITE (6,570) NP L M _NVC

1ERR=1

RETURN

ILLI=Y

¥20=Y2

GO TO 370

UVAVG=0.5+((U2+U3) *ALAVG+(V2+4V3) *BEAVG)+DEAVG
UVAT=(UVAVG-ALSA2)+DT

FY2=Y3-UVAT-Y2

FY20=Y3-UVA-Y20

IF (FY2¢FY20.LT.0.0) GO TO 350

GO TQ 36D

UVAO=UVA

Y200=Y20

UVA=UVAT

Y20=Y2
Y2=Y20+(Y20-Y200)+(Y3-UVA-Y20)/(UVA-UVADO+Y20-Y200)
IF (Y2.GT.2.0¢YNT-Y(MVCB)) ¥2+2.0+YNT-Y(MVCB)
IF (MVCT _NE_MMAX_AND.Y2.GT.Y(MVCT)) Y2=Y{MYCT)
IF (Y2.L7.Y(2)) v2=Y(2)

IF (ABS{(Y2-Y20)/Y20).LE.CQS) GO TO 480

INTERPOLATE FOR THE PROPERTIES AT Y=Y2
1Y2=0

1F (Y2.LE.YWT) GO 10 390
Y2%2.04YWT-Y2
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1v2=1
390 DO 400 MM=1{ M1
IF (Y2.GE.Y(MM)_AND.Y2 . LE.Y(MM+1)) GO TO 410
400 CONTINUE
410 RDOY=(Y2-Y(MM))+DYR
U2=U{L, M8 N1)+(U(L MM+ $ N1T)-U(L MM, N1))*RDY
V2=V(L MM N1)+(V(L MM+ 1 N1)-V(L.MM N1))eRDY
P2=P(L, MM N1)+(P(L MM+1 _N1)-P(L MM N1))<RDY
RO2=RO(L ,MM N1i)+(RO(L,.MM+1 _N1)-RO(L .MM N1)})eRDY
02=Q(L MR N1)+{Q(L MM+ N1)-Q(L, MM .N1))*RDY
IF (IV2.EQ.0) GO TO 420
Ul=-uU2
v2=-v2
RFL=RFLD(Y¥XT-Y2)
P2=P2-PTERM*RFL
R0O2=R02-ROTERMsRFL
0Q2=02-QTERM*RFL
420 IF (MM_EQ.MMO) GO TO 430
MMO = MM
MMAP = MM
1P=0
CALL MaApP
YPMM=zYP
MMAP =MM+ {
1P=1
CALL Map
YPMM1=YP
430 YP2:=YPMM+{ YPMM1-YPMM ) «RDY
IF (I¥Y2.£Q.0) GO TO 440
¥2=2.0°YWT-Y2
YP2=2.0YPT-YP2
440 IF (YP2.EQ.YPD) GT TU 470
BEAVG=(Y2-Y3)/(YP2-YPD)
ALAVG=AL3*BEAVG/BE3
DEAVG=DE3+*8EAVG/BE3
A2D=GAMMA *P2/R02
IF (A2D.GT.0.0) GO 10 450
NP=N+NSTART
WRITE (6,530) NP,L.M,NVC
1ERR=1
RETURN
450 ALSA2=SQRT(0.5°(A2D+A3+A3 )+ (ALAVG*ALAVG+BEAVG*BEAVG))
460 CONTINUE
470 NP=N+NSTART
WRITE (6,550) ILLQS.NP,L.M,NVC
1ERR=1
RETURN

CALCULATE DUDYQS. DVDYQS, AND DPDYQS AT v=Y2

480 U3D=U3
v3D=V3
P3D=P3
RO3D=RO3
Q30=03
IF (vZ2.LE.Y(M+1)) GO TO 490
U3D=SQS+U3+(1.0-S0S)+{U(L . M-1 N1)+(U(L ,M+1 N1)-U(L . M-1 ¥1))e(YPD
t -YPM)/(YPP-YPM})
V3D=SQS*V3+(1.0-SQS){V(L . M-1 ,N1)+(V(L . Mtt N1)-V(L ,M-1,N*))es(YPD
1 -YPM)/{YPP-YPM))
P3D=SQ5*P3+(1.0-SQS)*(P(L. M-t N1)+(P(L M+t N1)-P(L.M-1,Nt))e(YPD
1 -YPM)/(YPP-YFN))
RO3D=SQS*RO3+( 1.0-SQS)+(ROLL . M-1 . N1)}+(RO(L ,M+1 N1)-RC(L.M-1,N1))>
1 (YPD-YPM)/(YPP-YPM))
Q30=5QS*03+(1.0-SQS)+(Q{L . M-1 ,Nt)+(Q(L M+1 N1)-Q(L.M-1,N1))*(YPD
1 -YPM)/(YPP-YPR))

490 ROYD=1.0/((YP2-YPD)*BED)
DUCYQS(L,M,2)=(U2-U3D)*RDYD
DVOYQS(L .M, 2)=(V2-V3D)*R0YD
DPOYQS(L .M.2)=(P2-P3D)*ROYD
0RCQDY2={R0O2+Q2-RO3D*Q30)/((YP2-YPD)+EE)
QQT(L,.M)=0.5°{DROQDY 1+DROQOY2)
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SO0 CONTINUE

$10 CONTINUE
IF (MOFS.NE.O.AND.MIS.EQ.MVCB1) GO YO 10
RETURN

FORMAT STATEMENTS

520 FORMAT (1HO,63Hesvee A NEG SOUND SPEED (A1) OCCURED IN SUBROUTINE
1QSOLVE AT N»,16,.4H, L=,.]12,4H, H=,12,9H ANO NVC=,13,6H eeees)

530 FORMAT (1HO,83Hessee A NEG SOUND SPEED (A2) OCCURED IN SUBROUTINE
1QSOLVE AT N=,16,4H, L= 12,4H, M= 12,9H AND NVC=,13,6H seees)

540 FORMAT (1HO,84Heeese THE CHARACTERISTIC SOLUTION FOR Y1 IN SUBROUT
1INE QSOLVE FAILED 70 CONVERGE IN ,12,17H ITERATIONS AT N-,16,4H, L
2»,12,4H, M=,12,/,7X,6H, NVC=,13,6H esesv)

550 FORMAT ( 1HO,B4Heeece THE CHARACTERISTIC SOLUTION FOR Y2 IN SUBROUT
1INE QSOLVE FAILED TO CONVERGE IN .12, 17H ITERATIONS AT N= ,16,4H, L
2=,12,4H, M= ,12,/,7X,6H, NVC=,13,6H sveee)

560 FORMAT (1HO,59Heseee THE SOLUTION FOR Yi FAILED IN SUBROUTINE QSOL
tVE AT N=,16,4H, L=, 12,4H, M= 12,6H, NVC= 13,6H ¢sves)

570 FORMAT ( 1HO,59Heesee THE SOLUTION FOR Y2 FAILED 'N SUBROUTINE QSOL
IVE AT N=,16.4H, L=, 12,4H, M= 12 ,6H, NVCz, 13,6H seeee)

END
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CASE NO. 1 - CONVERGING-DIVERGING NOZZLE (45 DEG INLET, 15 DEg EXIT)
SCNTRL LMAX=221 MMAX=5 NMAX=40C, TCONV=0.003 $
$1Ivs $
$GEMTRY NGEOH-?.XI-O.31.R!'2.5.RT'O.8.XE'4.OS.RCIIO.B,RCT-O.S.AMG!'ld.!B.
ANGE=15.C $

sGceL s

$8C PT=70.0,77+540.0 $
SAVL s

SRVL $

$TURBL s

SOFSL

sVCL s

NASA CASE 1 - MIXING LENGTH MODEL (REUBUSH 3., SOLID SIMULATOR, MACH=0.8)
SCNTRL LNAX-JO.MNAX-?S.NﬂAX-750.NPRINt'~750.NPLOT'250.IPUNCH'Q.
LPP!-iS.MPPi-1.LPP2-1.NPP2-2.LPP3-25.MPPS'I.FD?1’0.7
$IVS N1D=0,V=1025+0.0,P=1025+9.45,
U(1.1.1)=41'0.0.U(1,2.1)-41'395.0.0(!.3.1)'41'509.0.
U(i.l.l)-£1°579.C.U(1.5.1)'41*640.0.0(1.6.1)'41'700.0.
U(1.7.1)'41‘780.O.U(1.8.1)'410885.0.U(1.9.1)'897'917.0.
RO(1,1.1)-‘1'0.04223.90(1.2.1)-41'0.0‘300.90(1.3.1)'41'0.04380.
RO(1.4.1)-41'0.04421.R0(1.5.1)-41*0.04462.?0(l.G.i)’Jl‘0.0‘SOS.
R0(1.7.1)-41'0.04548.R0(1.8.1)-4"0.04683.R0(1.9.1)8697°0.04730 S
SGEMTRY NGEOM=1 X1%36.0.XE=72.0.R1=18.0 s
$GCBL NGCB=4,
VC8813’3.0.2.9872.2.S487.2.8844.2.7943.2.6782.2.5357.2.3667.2.1707.
1.9942,1.8253,1.6695, 16+1.53,
NXNYCB'12'-0.0.0.0064.0.02565.0.0514.0.0772.0.1031.0.1293.0.15575.
0.1825,0.2096.0.2316,0.2512,0.2672,0. 1395, 15+-0.0 s
$8C !SUPERJO.NSTAG-1.95!9.531.!HALL‘!.NO&LIP*i.THETA'25'O.O.
97-9.45.10.2|.10.74.||.14.11.55.11.96.12.56.13.55.14.38.16'14.5.
TT'588.95.592.2.593.1.593.7.594.3.594.9.595.8.18'596.1 s
$AVL NST=1000,SMPT=0.5.SMPTF=0.5 NTST=0. IAV=1{ s
SRVL CMU'O.165E-O7.EHU'O.5.CLA'-O.118-07.ELA=0.5.CK'0.143E-03.EK=0.5 s
SYURBL ITM={, IMLM=2 $
SDFSL $
$VCL IST=1,MVCB=1,MVCT=9,10S5=1,
XP'36.0.37.0.33.0.39.0.40.0.41.0.42.0.43.0.44.0.45.0.45.0.47.0.48.0.
49.0.50.0.51.0.52.0.53.0.54.0.55.0.56.0.56.8.57.5.58.1.58.61.59.l.
59.7.60.4.61.2.62.0.63.0.64.0.65.0.66.0.67.0.68.0.69.0.70.0.7'.0.72.0.
Yl=3.0.3.0025.3.0075.3.0173.3.0358.3.0700.3.1317.3.2397.3.4232.
3.7260.4.2105.4.9615.5.98.7.0.8.0.9.0.I0.0.11.0.12.0.13.0.14.0.15.0.
16.0.17.0,18.0 $

203
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CASE NO. 6 - TURBULENT PLANE JET IN A PARALLEL STREAM - TWO EQUATION
SCNTRL LMAX=41 MMAX® {17 , NMAX=6000,RGAS=287.0,1Ul=2,1U0=2 NPLOT=500.
NPRINT=-6000,FOT=1.0, IPUNCH=1 s
$IVS N1D=0,U(1,7.1)=779¢7.5895,V=1025¢0.0,P=1025¢101.35,R0*»1025¢%.2047,
U(1,1,1)=47.366,47.0,46.5,46.0.45.5,45.0,44.5,44.0,43.5,.43.0,42.5,
42.0,41.5,41.0,40.5,40.0,39.5,39.0,38.5,38.0,37.5,37.0.36.5,36.0,
35.5,35.0,34.5,34.0,33.5,33.0,32.5,32.0,31.5,31.0,30.5,30.0,29.5,
29.0,28.5,28.0,27.5,
U(1,2.1)=47.366,46.5,45.5,44.5,43.5,43.0,42.5,42.0,41.5,41.0,40.5.
40.0,39.%5,39.0,38.5,38.0,37.5.37.0.36.5,36.0.35.5,35.0.34.5,34.0,
33.5.33.0,32.5.32.0,31.5,31.0,30.5,30.0,29.5,29.0,28.5,28.0,27.5,
27.0,26.5,26.0,25.5,
U(4,3,1)=47.366,45.5,43.5,41.5,39.5,39.0,38.5,38.0,37.5,37.0,36.5,
36.0.35.5.35.0.34.5,34.0,33.5,33.0,32.5.32.0,31.5,.31.0.30.5.30.0,
29.5.29.0,28.5,28.0,27.5,27.0.26.5,26.0,25.5,25.0,24.5,24.0,23.5,
23.0,22.5,22.0,21.5,

U(1.4,1)=5¢0.0,36+18.0, UL=5+0.0, VL=5+0.0. PL=5¢101.35, ROL=5+1.2047,
U(1.5,.1)=5+7.5859,36+15.0, :

U(1.6,1)=5+7.5859,36+11.0 $

$GEMTRY NDIM=0Q ,NGEOM=*1t RI=5.0,XI>-1.9050,XE=38. 1 s

$GCBL  $

$B8C ISUPER=1 ,PE=101.35,UIL=0.0,VIL=0.0.PIL=101.35,ROIL=1.2047,
UI=3+47.366,0.0,13+7.5895,VI=17+0.0,PI=17+101.35,R0I=17+1,2047,

ALI=O. 1, ALE=O. 1 ALW=0.1,IWALL=1 NOSLIP=1 s

SAVL 1AV=1 $

SRVL CMU=1_B13E-0S,CLA=-1_.208E-05 $

$TURBL 1TM=3,FSQL=0.0.FSEL=10200.0.

FSQ=*0.0.0.0,4.4,0.0,0.11,12¢0.0,

FSE=0.1,0.1,10200.0,18.4,18.4,12°0.1 $

SDFSL MDFS=4 LDFSS=t,LDFSF=5 ,NOFS=2,

YL=520.47625 ,NXNYL=5+0.0,YU>5+0.47625 ,NXNYU=5+0.0

$SVCL IST=1,
XP=-1.9050,-1.4288,-0.9525,-0.47625,0.0,0.47625,0.9525, 1.4288, 1.9050,
2.3813,2.8816,3.4072,3.9594,4.5395,5.1489,5.7391,6.4617,7. 1683,7.9107,
8.6905.9.5098, 10.3704,$1.2746,12.2245,13.2224,14.2708, 15.3722,16.5292,
17.7447,19.0217,20.3632,.21.7725,23.2531,24.8085,26.4426,28. 1592,29.9627,
31.8573,33.8476,35.92386,38. 1,
¥1=0.0,0.15875,0.3175,0.47€25,0.635,0.79375,0.9525, 1. 4375, 1.3531,
$1.6042,1.8970,2.2380.2.6355,3.0987.3.6384,4.2673,5.0 $

NU.3. GOVERMNMENT PRINTING OFFICE: 1981-0-376-020/153
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DO NOT REMOVE SLIP FROM MATERIAL

Delete your name from this slip when returning material
to the library.

NAME MS

‘\\<. Soms 4-}%/

NASA Langley (Rev. May 1988) RIAD N-75




